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FOREWORD 


This  report  was  prepared  by  Textron's  Bell 
Aerosystems  Company  (BAC),  Buffalo,  New  York,  under  USAF 
Contract  No.  AF  33(6l5)-o7--C-1505.  The  contract  was  initiated 
under  Project  No.  1467, ' 'Structural  Analysis  Methods, ' '  Task 
No.  146702,  ''Thermal  Elastic  Analysis  Methods.''  The  program 
was  administered  by  the  Air  Force  Dynamics  Laboratory  (AFFDL), 
Systems  Command,  Wright- Patterson  Air  Force  Base,  Ohio  45433, 
under  the  cognizance  of  Mr.  G.  E.  Maddux,  AFFDL  Program  Manager. 
The  program  was  carried  out  by  the  Structural  Systems  Depart¬ 
ment,  Bell  Aerosystems  Company,  during  the  period  15  March 
1967  to  15  March  1968  under  the  direction  of  Dr.  Robert  H. 
Mallett,  BAC  Program  Manager. 

This  report  ' 'MAGIC:  An  Automated  General 
Purpose  System  for  Structural  Analysis, ' '  is  published  in  three 
volumes,  ''Volume  I:  Engineer's  Manual'',  ''Volume  II: 

User's  Manual1',  and  ''Volume  III:  Programmer's  Manual''. 

The  manuscript  for  Volume  II  was  released  by  the  authors  in 
March  1968  for  publication  as  an  AFFDL  Technical  Report. 

The  numercial  results  presented  in  this  report 
were  obtained,  in  part,  on  the  AFFDL  tie-in  to  the  Wright- 
Patterson  Air  Force  Base  Electronic  Data  Processing  Center. 

The  utilization  of  this  equipment  and  the  helpful  assistance 
of  AFFDL  personnel  is  acknowledged. 

The  authors  wish  to  express  appreciation  to 
colleagues  in  the  Advanced  Structural  Design  Technology  Section 
of  the  Structural  Systems  Department  for  their  individually 
significant,  and  collectively  indispensible,  contributions  to 
this  effort. 


The  authors  wish  to  express  appreciation  also 
to  Miss  Beverly  J.  Dale  and  Mr.  Daniel  DeSantis  for  the  expert 
computer  programming  that  transformed  the  analytical  develop¬ 
ment  into  a  practical  working  tool. 

This  technical  report  has  been  reviewed  and 
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ABSTRACT 


An  automated  general  purpose  system  for  analysis  is 
presented.  This  system,  identified  by  the  acronym  "MAGIC" 
for  "  Matrix  Analysis  via  Generative  and  Interpretive  Computa¬ 
tions'',  provides  a  flexible  framework  for  implementation  of 
the  finite  element  analysis  technology.  Powerful  capabilities 
for  displacement,  stress  and  stability  analyses  are  included 
in  the  subject  MAGIC  System  for  Structural  analysis. 

The  matrix  displacement  method  of  analysis  based  upon 
finite  element  idealization  is  employed  throughout.  Six 
versatile  finite  elements  are  incorporated  in  the  finite 
element  library.  These  are;  frame,  shear  panel,  triangular 
cross-section  ring,  toroidal  thin  shell  ring,  quadrilateral 
thin  shell  and  triangular  thin  shell  elements.  These  finite 
element  representations  include  matrices  for  stiffness,  in¬ 
cremental  stiffness,  pre strain  load,  thermal  load,  distributed 
mechanical  load  and  stress. 

The  MAGIC  System  for  structural  analysis  is  presented 
as  an  integral  part  of  the  overall  design  cycle.  Considera¬ 
tions  in  this  regard  include,  among  other  things,  preprinted 
input  data  forms,  automated  data  generation,  data  confirmation 
feaures,  restart  options,  automated  output  data  reduction  and 
readable  output  displays. 

Documentation  of  the  MAGIC  System  is  presented  in 
three  parts;  namely.  Volume  I:  Engineer’s  Manual,  Volume  II: 
User's  Manual  and  Volume  III:  Programmer's  Manual.  The 
subject  document.  Volume  II,  contains  instructions  for  the 
preparation  of  input  data  and  interpretation  of  output  data 
with  examples  drawn  from  the  applications  presented  in  Volume  I. 
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SECTION  I 


INTRODUCTION 


The  MAGIC  System  is  made  up  of  three  primary  functional 
elements;  namely.  Preprocessor,  Execution  and  Structural  Mon¬ 
itors.  The  organizational  interrelation  of  these  monitors  is 
considered  in  Volumes  I  and  III  of  this  report  (References 
1,2).  Of  interest  here  are  the  interfaces  of  these  monitors 
with  the  MAGIC  System  User. 

The  Preprocessor  Monitor  relies  wholly  upon  the  FORMAT 
System  for  its  capability.  This  Monitor  has  the  responsibility 
for  reading  and  interpreting  FORMAT  data,  setting  system  param¬ 
eters,  allocating  available  internal  and  external  storage,  and 
translating  the  input  abstraction  instructions  into  a  form 
useable  by  the  Execution  Monitor.  Under  normal  operation  of 
the  MAGIC  System  for  structural  analysis.  User  provided  data  to 
the  Preprocessor  Monitor  consists  of  a  preset  control  deck. 

On  the  other  hand,  nonstandard  operation  of  the  MAGIC  System  to 
perform  matrix  algebra  requires  development  of  a  complete 
problem  oriented  control  deck  for  the  Preprocessor  Monitor. 

The  Execution  Monitor  carries  out  instructions  passed  from 
the  Preprocessor  Monitor  and  has  no  interfaces  with  the  MAGIC. 
System  User.  The  primary  input  data  interface  resides  in  the 
Structural  Monitor.  Modules  underlying  the  Structural  Monitor, 
read,  interpret,  and  store  the  structure  input,  generate  the 
requested  matrices  and  furnish  these  matrices  in  a  form  useable 
by  the  Executive  Monitor.. 

Corresponding  to  the  computational  flow  through  the  MAGIC 
System,  Section  2  of  this  report  begins  with  instructions  for 
the  specification  of  data  to  the  Preprocessor  Monitor.  Then, 
attention  is  focused  upon  the  structural  data.  Preprinted, 
report  form  input  sheets  are  described  that  facilitate  the 
specification  of  structure  data. 

Section  3  is  devoted  to  interpretation  of  the  output  from 
the  MAGIC  System.  Output  from  the  Structural  Monitor  records 
the  input  data  problem  description  as  well  as  optional  inter¬ 
mediate  results.  System  level  matrix  output  of  final  results 
is  handled  by  the  FORMAT  standard  matrix  print  capability. 
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Instructions  for  the  interpretation  of  output  data  are 
presented  in  the  context  of  example  problem  executions.  Each 
problem  is  accompanied  by  a  set  of  the  preprinted  input  sheets 
described  in  Section  2. 

Functional  knowledge  of  the  MAGIC  System  is  gained  best  by 
utilization.  Therefore,  it  is  recommended  that  elementary 
example  problems  be  executed  in  parallel  with  study  of  the  MAGIC 
System  documentation . 
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SECTION  II 


INPUT  TO  THE  MAGIC  SYSTEM 


A.  INTRODUCTION 

The  MAGIC  System  presents  two  input  data  interfaces  to 
the  Structural  Analyst.  The  first  encountered  in  operation  of 
the  MAGIC  System  is  referred  to  as  the  System  Input  Data  inter¬ 
face.  This  input  data  is  generally  not  problem  orientated. 

Rather,  it  cam  be  viewed  as  the  system  level  control  setup  to 
accommodate  the  structural  analysis  process. 

The  second  input  data  interface  with  the  User  concerns  the 
Structural  Input  Data.  This  is  problem  orientated  data  which 
accounts  for  nearly  all  the  effort  expended  in  conducting 
structural  analyses. 

Separate  subsections,  devoted  to  instructions  for  the 
specification  of  System  Input  Data  and  Structural  Input  Data, 
follow.  Utilization  of  the  MAGIC  System  for  structural  analysis 
is  covered  in  depth.  The  reader  is  referred  to  Reference  3  for 
detailed  instructions  on  carrying  out  general  matrix  computations. 

B.  SYSTEM  INPUT  DATA 

System  Input  Data  is  given  definition  most  clearly  within 
the  context  of  a  general  card  deck  setup.  Beginning  with  the 
first  card  and  proceeding  in  the  required  order,  the  System 
Input  Data  is  described  using  a  modified  list  format. 


^FORMAT  Card 

required,  format  type  I 

Function 

-  indicate  beginning  of  a  FORMAT 
case,  select  machine  configuration 

Option 

-  STANDARD  -  use  set  machine 
configuration 

-  UPDATE  -  alter  set  machine 
configuration 

-  CHANGE  -  supply  new  machine 
configuration 

Default  Option 

-  STANDARD 
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The  first  line  of  the  foregoing  description  of  the  FORMAT 
card  indicates  that  provision  of  this  card  is  mandatory  and  that 
the  card  format  is  "type  I".  The  "type  I"  card  format  is 
defined  in  Table  I.  A  total  of  four  types  of  card  formats  are 
employed  for  the  following  cards;  namely,  types  I,  II,  III  and 
IV.  All  types  are  defined  in  Table  I. 

The  remaining  lines  of  the  FORMAT  card  description  do  not 
require  clarification  in  the  context  of  the  MAGIC  System.  The 
reader  is  referred  to  Reference  3  for  in-depth  discussion. 

Beginning  at  this  point  with  the  second  card  in  the  System 
Input  Data  deck,  description  of  the  individual  cards  is 
continued. 


$RUN  Card 
Function 
Options 


Default  Option 


required,  format  type  I 

control  execution  of  problem 

GO  -  full  execution  of  problem 

NOGO  -  execution  terminated  after 
preprocessor 

LOGIC  -  listing  of  preprocessor 
logic  and  allocation 

NO  LOGIC  -  no  listing  of  preproc¬ 
essor  logic  and  allocation 

GO,  NO  LOGIC 


ANALYSIS  Card 
Function 


Optional,  format  type  II 

Supply  page  header  label  for  FORMAT 
System  output 


Text  -  any  alphameric  information 

Omission  Option  -  header  label  blank 


PROBLEM  Card 


optional,  format  type  II 


Function 

Text 

Omission  Option  - 


supply  page  header  label  for  matrix 
print  instruction 

any  alphameric  information 

header  label  blank 


h 


TABLE  I 


DEFINITION  OF  POSSIBLE  FORMAT  TYPES 


16 . 72 

STANDARD 
G0,  L0GIC 
SOURCE 
LIST,  PRINT 
LIST 
any  Text 


FORMAT  TYPE  II 
CARD  COLUMN 

1 . 7 . 72 

ANALYSIS  (any  text  enclosed  in 
parantheses) 

PROBLEM  (any  text  enclosed  in 
parantheses) 


FORMAT  TYPE  I 
CARD  COLUMN 
1 

$  FORMAT 
$  RUN 

$  INSTRUCTION 
$  MATRIX 
$  SPECIAL 
$  END 
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TABLE  I 


CONCLUDED 


FORMAT  TYPE  III 
CARD  COLUMN 

1 . 7 . 72 

INPUT  TAPE  (name,  modifier) 

OUTRJT  TAPE  (name,  modifier) 

name  -  1  to  6  alphameric  characters,  first  of  which  is 
alphabetic 

modifier  -  integer  number 


FORMAT  TYPE  IV 
CARD  COLUMN 

1 . 7 . 72 

PAGE  SIZE  (14  *  11) 

or 

(11  *  8) 
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INKIT  TAPE  Card  -  optional,  format  type  III 

Function  -  supply  name  and  modifier  of 

master  input  tape  to  FORMAT 
System 

Omission  -  FORMAT  System  assumes  there  is 

no  master  input  tape 

OUTFIT  TAPE  Card  -  optional,  format  type  III 

Function  -  supply  name  and  modifier  of 

master  output  tape  to  FORMAT 
System 

Omission  -  FORMAT  System  assumes  no  master 

output  tape  will  he  needed 


PAGE  SIZE  Card 
Function 
Options 

Default  Option 


optional,  format  type  IV 
select  limits  of  printing  output 
(14  *  11) 

(11  *  8) 

(8  *  11) 

(14  *  11) 


^INSTRUCTION  Card 


Function 


Option 


required,  format  type  I 

indicate  beginning  of  abstraction 
instructions 

indicate  location  of  abstraction 
instructions 

SOURCE  -  abstraction  instructions 
are  in  card  data  deck 
(only  option  available 
at  this  time) 


The  abstraction  instructions  specify  the  built-in  opera¬ 
tions,  matrix  and  non-matrix,  to  be  executed.  Basic  preset 
abstraction  instruction  sequences  are  associated  with  the  MAGIC 
System.  Other  abstraction  sequences  can  be  defined  by  the  User 
to  carry  out  various  computations.  A  general  description  of 
these  instructions  is  given  in  Reference  3. 
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$ MATRIX  Card 

optional,  format  type  I 

Function 

indicate  beginning  of  card 
input  matrices 

Option 

(LIST  -  card  images  of  matrix 
data  are  printed) 

-  NOLIST  -  card  images  of  matrix 
data  are  not  printed 

-  PRINT  -  matrices  are  printed 
after  sorting 

-  NOPRINT  -  matrices  are  not  printed 
after  sorting 

Default  Option 

-  NOLIST,  NOPRINT 

Omission  Option 

-  FORMAT  System  assumes  no  card 
input  matrices 

System  level  matrices  may  be  introduced  via  cards  using 
this  feature.  The  MATRIX  card  indicates  the  existence  of  such 
data.  This  option  is  often  useful  in  structural  analyses 
although  matrices  are  conventionally  generated  internal  to  the 
MAGIC  System. 


$ SPECIAL  Card 


optional,  format  type  I 


Function  -  indicate  beginning  of  special 

module  data 

(e.g.  -  structural  system  data) 

Options  -  (NOLIST  -  card,  images  of  special 

data  not  printed) 

(LIST  -  card  images  of  special 
data  are  printed  if  NOGO  specified 
on  RUN  card) 


All  data  not  expressly  defined  under  the  MATRIX  option 
enters  via  the  SPECIAL  data  feature.  For  example,  all  data 
provided  to  the  Structural  System  Monitor  is  introduced  under 
the  SPECIAL  data  card.  This  data  is  not  processed  in  any  way 
within  the  Preprocessor  Monitor.  It  is  merely  accepted  and 
passed  to  the  interface  between  the  User  and  the  Structural 
System  Monitor. 
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$END  Card 


required,  format  type  I 


Function  -  indicate  end  of  a  FORMAT  II  case 


The  END  card  completes  the  presentation  of  the  types  of 
data  which  make  up  the  System  Input  Data.  Perspective  on  the 
System  Input  Data  as  a  whole  is  gained  by  reference  to  an 
example.  Table  II  illustrates  a  typical  input  data  deck  for 
the  MAGIC  System.  Comments  are  included  to  make  this  example 
self  explanatory. 

Table  III  is  a  listing  of  MAGIC  System  abstraction  instruc¬ 
tion  sequences  to  conclude  this  subsection  on  System  Input  Data. 
Attention  is  focused  next  on  the  everyday  problem  of  specifying 
the  Structural  Input  Data  which  is  passed  directly  to  the 
Structural  System  Monitor. 


C.  STRUCTURAL  INRJT  DATA 
1.  General  Description 

Significant  portions  of  the  labor  and  computer  costs 
of  structural  analysis  are  occasioned  by  incomplete  or  improper 
specification  of  structural  input  data.  In  recognition  of  this, 
a  number  of  features  have  been  incorporated  into  the  MAGIC  System 
to  assist  in  the  confirmation  of  problem  data  prior  to  execution. 
The  most  important  of  these  are  the  prelabeled  input  data  forms 
which  are  an  integral  part  of  the  MAGIC  System.  These  input  data 
forms  contain  a  number  of  special  features,  e.g.: 

(1)  "MODAL"  Options  are  provided  which  preset  a 

table  to  a  given  set  of  values.  This 
MODAL  option  may  be  used  where  indicated. 

(2)  "REPEAT"  Options  are  provided  which  minimize  the 

input  data  specified  by  the  User.  This 
REPEAT  option  may  be  used  where  indicated. 

(3)  The  User  exercises  control  options  simply  by  placing 
an  'X'  in  a  given  location  on  a  prelabeled  input 
data  form. 

(4)  The  prelabeled  input  data  forms  have  permanent 
label  cards  which  automatically  precede  subsets  of 
data  thereby  allowing  flexibility  in  the  arrange¬ 
ment  of  input  decks. 
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TABLE  II 
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CONTINUED 


12 


i 


CONTINUED 


♦ 
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CONCLUDED 


OOO  OOO  OOO  OOO  OOO  o  o  o  ooo 


TABLE  III 


MAGIC  ABSTRACTION  INSTRUCTION  LISTING 


INSTRUCTION  SOURCE 


DISPLACEMENT  AND  STRESS  ANALYSIS  INSTRUCTION  SEQUENCE 
MATLBA, LOADS, TR, TA, KEL, FEL, SEL, SZALEL,  ,  ,  ,  =  .USER04. 
PRINT  OUTPUT  MATRICES 


PRINT 

[D.O.F. 

, COND . 

,E6,1 

LOADS 

PRINT 

REDDOF 

'.D.O.F. 

jE6.  ] 

TR 

PRINT 

NSYS 

.NORSUM.Eb . 

TA 

PRINT 

ROW 

,COL 

,B6, 

KEL 

PRINT 

ROW 

,  COL 

,e6. 

FEL 

PRINT 

ROW 

,COL 

SEL 

PRINT 

[ROW 

,  COL 

,E6, 

SZALEL 

FORM  TAR  MATRIX  (ASSEMBLY  AND  APPLICATION  OF 

BOUNDARY  COND.) 

TRT  =  TR  .TRANSP. 

TAR  =  TA  .TMULT.  TRT 

ASSEMBLE  AND  REDUCE  ELEMENT  STIFFNESS  MATRICES 

KTEMP  =  KEL  .TMULT.  TAR 
STIFF  =  TAR  .TMULT.  KTEMP 
PRINT  (FORCE  ,DISP.  ,  ,  )  STIFF 

ASSEMBLE  AND  REDUCE  ELEMENT  APPLIED  LOADS 

FTELAR  =  TAR  .TMULT.  FEL 
PRINT  (REDDOF, COND.  ,  ,  )  FTELAR 

APPLY  BOUNDARY  CONDITIONS  TO  SYSTEM  LOADS 

LOADR  =  TR  .MULT.  LOADS 
PRINT  (REDDOF, COND.  ,  ,)  LOADR 

COMBINE  ELEMENT  AND  SYSTEM  LOADS 

TLOAD  =  FTELAR  .ADD.  LOADR 
PRINT  (REDDOF,COND.  ,  ,)  TLOAD 
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ooo  ooo  ooo  o  o  o 


TABLE  III 


CONCLUDED 


INSTRUCTION  SOURCE 


SOLVE  FOR  DISPLAJEMENTS 

DISPR  =  STIFF  .SEQEL.  TLOAD 
PRINT  (REDDOF, COND.  ,  ,)  DISPR 

SOLVE  FOR  ELEMENT  STRESSES 

STREL  =  SEL  .MULT.  TAR 
STRESF  =  STREL  .MULT.  DISPR 
STRESS  =  STRESF  .SUBT.  SZALEL 
PRINT  ( NRSEL  ,COND.  ,  ,  )  STRESS 

SOLVE  FOR  ELEMENT  FORCES 

FORCEL  =  KTEMP  .MULT.  DISPR 
FORCES  =  FORCEL  .SUBT.  FEL 
PRINT  (D.O.F. , COND.  ,  ,)FORCES 

SOLVE  FOR  SYSTEM  REACTIONS 

REACTN  =  TA  .MULT.  FORCES 
REACT  =  REACTN  .SUBT.  LOADS 
PRINT  (D.O.F. ^COND.  ,  ,  )  REACT 


16 


(5)  Zeros  mast  be  indicated  where  pertinent.  Blanks 
are  never  zeros  except  where  specifically  indicated. 

(6)  Only  prelabeled  input  forms  associated  with  options 
that  are  exercised  in  any  particular  problem  are 
needed.  Data  associated  with  options  not  exercised 
are  simply  omitted. 

(7)  A  program  option  is  provided  to  conduct  a  read  and 
write  of  input  data  with  execution  suppressed. 

Output  from  the  data  read  and  write  option  includes 
the  material  properties  derived  from  the  Materials 
Library  as  well  as  tables  completed  by  MODAL  spec¬ 
ification  of  data.  This  option  is  exercised  by 
simply  placing  the  prelabeled  input  data  form 
designated  as  CHECK  at  the  end  of  the  input  data 
deck. 


The  prelabeled  input  data  forms  are  separable  into  four 
main  categories;  namely.  Material  Library,  Control  Data,  Problem 
Data  and  Data  Read  and  Write. 

The  Material  Library  Section  is  a  particularly  useful 
input  feature  of  the  MAGIC  System.  This  library  is  a  permanent 
data  set  available  for  interrogation  by  the  system.  Additions 
and/or  deletions  to  the  Material  Library  are  executed  by  the 
MAGIC  System.  The  updating  of  the  Materials  Library  may  be  con¬ 
ducted  independently  of  program  execution  or  as  an  integrated 
pre/post  execution  operation. 

A  library  specification  of  material  may  include  Elastic 
Constants,  Coefficients  of  Thermal  Expansion  and  Mass  Density, 
Material  anisotropy  is  assumed  as  well  as  temperature  dependence. 
Provision  is  made  for  data  at  up  to  ten  temperature  levels. 

Linear  interpolation  is  employed  in  interrogation  of  the  material 
specification. 

The  number  of  entries  in  the  Material  Library  need  not 
be  limited,  though  the  time  for  interrogation  is  affected  by  the 
number  of  entries.  Listings  of  the  complete  library  or  speci¬ 
fied  portions  are  conveniently  available  by  program  option. 
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The  Control  Section  provides  the  User  with  controls 
on  System  parameters.  A  prelabeled  input  form  is  provided. 
Figure  II~3  shows  the  prelabeled  data  form  which  pertains  to 
System  Control  Information. 

The  Problem  Data  Section  consists  of  the  following 

input: 

(1)  Grid  point  coordinates 

(2)  Grid  point  pressures 

(3)  Grid  point  temperatures 
(1|)  Rotational  transformations 

(5)  Boundary  conditions 

(6)  External  loads 

(7)  Prescribed  displacements 

(8)  Element  input 

The  numerical  input  pertinent  to  the  above  problem  data  Is 
presented  in  floating  point  and  fixed  point  notations.  In 
floating  point  notation,  the  decimal  point  is  always  shown 
on  the  input  data  and  in  fixed  point  notation  tlv>  decimal  is 
never  shown.  The  floating  point  notation  is  applicable,  for 
example,  to  measureable  quantities  such  as  loads,  coordinates, 
etc.  The  fixed  point  notation  is  limited  to  whole  numbers  or 
integers  such  as  grid  point  numbers. 

In  floating  point  notation,  a  number  may  be  written 

in  either  the  conventional  manner  or  as  a  factor  of  101  :  for 

6 

example,  the  number  30  000  000  =  30  x  10  can  be  written  as 
either  30  000  000.0  or  30.0  E 6.  For  numerical  input  data 
(both  fixed  and  floating  point)  plus  signs  are  not  normally 
used.  Negative  numbers  and  negative  exponents,  however, 
must  be  preceded  by  a  minus  sign. 

In  the  Problem  Data  Section,  extensive  use  can  be 
made  of  the  MODAL  and  REPEAT  options.  Identical  elements 
should  be  grouped  in  order  to  maximize  the  use  of  REH5AT 
options.  Grid  points  should  be  numbered  in  such  a  manner 
that  full  advantage  is  taken  of  stiffness  matrix  banding. 
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The  Data  Read  and  Write  Section  is  provided  to  conduct 
read  and  write  of  input  data  with  primary  calculations  suppres¬ 
sed.  This  is  exercised  via  the  prelabeled  input  data  form 
designated  as  CHECK. 

It  is  recommended  that  this  feature  be  used  routinely 
to  minimize  execution  against  incorrect  problem  specifications. 
Reduction  in  costs  and  frequently,  reduction  in  elapsed  calendar 
time  can  be  expected  with  disciplined  use  of  this  feature. 

The  input  data  package  has  been  designed  to  minimize 
redundant  information.  As  a  consequence,  consistency  checks 
do  not  verify  that  the  same  information  given  at  different  times 
is  in  fact  the  same.  Rather,  these  checks  insure  that  pre¬ 
specified  types  and  quantities  of  data  are  consistent  with  the 
data  of  reference.  For  example,  the  specification  of  a  certain 
type  of  analysis  implies  the  need  for  associated  items  of  data. 
Messages  are  printed  corresponding  to  inconsistencies  identified 
and  execution  is  suppressed  though  complete  Read  and  Write  is 
attempted. 

The  procedure  used  in  the  preparation  of  the  prelabeled 
data  forms  will  now  be  explained  in  detail.  The  description 
will  proceed  by  data  sections.  It  is  important  to  note  that 
slashes  (/)  which  appear  on  the  prelabeled  input  data  forms, 
instruct  the  Keypunch  Operator  to  proceed  to  the  next  entry 
position  on  the  input  data  form,  or  if  all  entries  have  been 
punched,  to  the  next  data  section. 


2.  Title  Section  (Figure  II-l) 

A  prelabeled  input  data  form  is  provided  for  the  TITLE 
Section  and  is  shown  in  Figure  Il-i. 

The  first  entry  on  the  form  is  prelabeled  REPORT  and 
requires  no  Information  from  the  User.  It  is  to  be  noted  that 
this  label  card  designated  REPORT  must  be  the  first  card  for  all 
data  decks  which  use  these  prelabeled  input  data  forms. 

The  second  entry  on  the  form  is  prelabeled  TITLE  and 
also  requires  no  information  from  the  User.. 

The  third  entry  on  the  form  concerns  the  Number  of 
Title  Cards  which  are  to  follow.  This  information  appears  in 
Columns  7-9  and  is  given  in  fixed  point  form. 

Alphameric  description  of  the  problem  is  placed  on  the 
following  cards.  The  total  number  of  these  cards  must  be  equal 
to  the  number  which  appears  in  Columns  7-9  of*  the  third  entry, 
(Number  of  Title  Cards). 
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FIGURE  II-l  TITLE  DATA  FORM 


3.  Material  Tape  Input  Section  (Figure  II-2) 

The  Material  Tape  Input  Section  is  used  when  a  material 
is  to  be  added,  revised  or  deleted  from  the  material  tape.  It 
can  also  be  employed  at  the  User's  option  to  examine  the  con¬ 
tents  of  the  tape  or  to  obtain  a  summary  of  the  materials  which 
appear  on  the  tape  at  the  time  the  request  is  being  made. 

The  labeled  input  data  from  provided  for  material  tape 
entries,  is  shown  in  Figure  II-2.  The  first  entry  on  the  form 
is  prelabeled  MATER  and  requires  no  input  from  the  User. 

The  second  entry  on  the  form  concerns  the  number  of 
requests  which  are  being  made  against  the  material  tape.  This 
information  appears  in  Columns  7-9  of  the  second  entry,  and  the 
User  may  make  as  many  requests  as  desired  against  the  material 
tape. 

The  third  entry  in  the  section  contains  the  following 
detailed  information  as  shown  in  the  figure. 

Request  Number  -  (Cols.  7-9) 

The  total  number  of  requests  which  are  made  against 
the  material  tape  must  be  equal  to  the  number  of 
requests  specified  on  the  second  entry  of  the  form. 

It  should  be  noted,  however,  that  the  first  set  of 
material  data  (Material  Properties  Table)  is  input 
before  a  second  request  is  made. 

Material  Number  -(Cols.  10-15) 


The  material  number  for  a  material  which  is  to  be 
added  to  the  tape  is  chosen  at  the  discretion  of  the 
User.  If  a  number  is  chosen  that  corresponds  to  the 
number  of  a  material  which  already  appears  on  the 
tape,  the  new  material  will  not  be  accepted  unless 
the  lock  code  associated  with  the  new  material  is 
exactly  the  same  as  the  lock  code  of  the  material 
which  already  appears  on  the  tape.  If  this  is  the 
case  the  new  material  will  be  added  to  the  tape  and 
the  material  that  formerly  appeared  there  will  be 
deleted. 
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Lock  Code  -(Cols.  16-17) 


A  lock  code  is  associated  with  each  material 
specification.  Any  User  has  access  to  the  entire 
material  library  but  modification  of  an  existing 
material  specification  requires  a  prior  knowledge 
of  the  lock  code.  The  lock  code  is  not  disclosed  by 
displays  of  the  material  library.  As  a  consequence 
revision  or  deletion  of  any  entry  remains  under  the 
control  of  the  initiator.  The  lock  code  may  be  any 
combination  of  alphameric  characters. 

Material  Identification  -  (Cols.  l8-4l) 

The  material  identification  is  left  to  the 
discretion  of  the  analyst. 

Material  Tape  Input  -  (Cols.  42-50) 

The  information  which  appears  in  those  columns 
is  self  explanatory.  For  example,  if  the  material 
is  isotropic,  and  a  print  of  the  material  tape  is 
desired,  the  User  simply  places  an  'X1  in  Column  42 
and  in  Column  48. 

Number  of  Material  Points  -  (Cols.  51-52) 

Hie  number  entered  in  these  columns  determines  the 
number  of  material  (temperature)  points  which  will 
appear  in  the  material  properties  table.  At  the 
present  time,  the  number  of  allowable  material  points 

issa  9. 

Material  Properties  Table 


All  the  data  input  to  the  Material  Properties  Table, 
appears  in  floating  point  form.  If  the  material  in 
question  is  isotropic,  only  the  Modulus  of  Elasticity, 

E,  Poisson’s  Ratio,  and  the  coefficient  of  thermal 
expansion, o<  ,  are  needed  for  each  temperature  point. 

The  value  of  the  modulus  of  shearing  rigidity,  G,  is 
calculated  by  the  program. 

For  an  orthotropic  material  there  are  three  cards 
required  for  each  temperature  point  entered.  For  these 
cases,  the  value  of,  G^j  must  be  entered  by  the  User 
for  each  of  the  x,  y,  and  z  directions. 
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IMPORTANT  REMINDERS: 


(1)  Poisson's  Ratio,  is  defined  as  strain 

induced  in  the  j  direction  by  a  stress  in  the 
i  direction. 

(2)  For  isotropic  materials  Poisson's  ratio,  , 

must  lie  between  0.0  and  0.5  (0.0  <  0^1  S0.5) 
Violation  of  this  rule  causes  the  material 
properties  matrix  [e]  to  become  non-positive 
definite . 

(3)  A  maximum  of  nine  (9)  material  (temperature) 
points  may  be  input  per  material  and  a  minimum 
of  1  must  appear  for  a  material  of  constant 
temperature. 

(4)  Certain  limits  on  material  properties  must  be 
observed.  These  limits  are  as  follows: 

(a)  Young's  Modulus  (E)  E  >  1.0 

(b)  Thermal  Coefficient  (<x)  -1.0  <  of  <1.0 

(c)  Shear  Modulus  (G)  G>  1.0 

(5)  If  it  is  desired  to  bypass  the  internal  check 
of  input  material  properties  an  asterisk  (*)  is 
placed  in  Column  10,  the  first  column  of  the 
material  number  in  the  third  entry. 

(6)  The  Number  of  Requests  and/or  Revisions  of  Material 
Tape  must  be  specified  on  the  System  Control 
Information  Data  Form  (Figure  II-3). 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


FIGURE  II-2  MATERIAL  TAPE  INPUT  DATA  FORM 
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FIGURE  II-2  CONCLUDED 


4.  System  Control  Information  Section  (Figure  II-3) 

The  prelabeled  System  Control  Information  data  form 
is  shown  in  Figure  II-3.  The  first  entry  on  the  form  is  pre¬ 
labeled  SYSTEM,  and  requires  no  input  from  the  User. 


The  second  entry  on  the  form  contains  the  eleven  (11) 
items  of  information  defined  in  the  list  which  follows.  All 
items  of  information  are  written  in  fixed  point  notation  with 
the  exception  of  Item  11  which  is  written  in  floating  point 
form. 


(1)  Number  of  System  Grid  Points  -  (Cols.  1-6) 

The  number  of  System  Grid  Points  is  equal 
to  the  largest  integer  number  which  participates 
in  element  connection  (assembly).  This  number 
is  best  obtained  from  a  scan  of  the  completed 
Element  Control  Data  Cards.  These  will  be 
described  in  detail  in  a  subsequent  data  section. 

(2)  Number  of  Input  Grid  Points  -  (Cols.  7-12) 

The  number  of  input  grid  points  is  equal  to 
the  integer  number  of  grid  points  for  which 
coordinates  are  data  specified.  This  number  is 
best  obtained  from  a  scan  of  the  completed  Grid 
Point  Coordinate  Input  Section.  The  number 
entered  is  equal  to  the  total  number  of  grid 
points  for  which  coordinates  are  specified. 
(Maximum  allowable  =  999)* 

(3)  Number  of  Degree  of  Freedom/Grid  Point  - 
(Cols.  13-1 4) 

The  number  of  degrees  of  freedom  per  grid 
point  is  dictated  by  the  type  of  finite  elements 
which  are  being  used  for  any  particular  analysis. 

(a)  Three  (3)  Degrees  of  Freedom  per  Grid  Point 

Triangular  Cross-Section 
Ring  Element 
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(b)  Six  (6)  Degrees  of  Freedom  per  Grid  Point 

1  -  Frame  Element 

2  -  Quadrilateral  Shear  Panel  Element 

3  -  Quadrilateral  Thin  Shell  Element 

4  -  Triangular  Thin  Shell  Element 


(c)  Nine  (9)  Degrees  of  Freedom  per  Grid  Point 


Toroidal  Thin  Shell  Ring  Element 


At  the  present  time,  only  elements  that  are 
characterized  by  the  same  number  of  degrees  of 
freedom  per  grid  point  can  be  used  together  in 
any  one  analysis.  For  example,  the  toroidal  thin 
shell  ring  and  frame  elements  are  not  compatible. 

Number  of  Load  Conditions  -  (Cols.  15-16) 


The  Number  of  Load  Conditions  is  equal  to  the 
number  of  external  load  conditions  that  are  applied 
to  the  system.  Note  that  external  loads  are  not 
to  be  confused  with  element  applied  loadings  such 
as  temperature  and  pressure. 

At  least  one  load  condition  is  required  for 
every  analysis  even  if  there  are  no  external  loads 
applied  to  the  system.  An  entry  must  be  made  in 
the  External  Loads  Section  even  for  zero  loads. 

At  the  present  time,  the  maximum  number  of 
external  load  conditions  allowed  is  one  hundred 
(100). 

Number  of  Initially  Displaced  Grid  Points  - 
(Cols.  17-22] 

Initially  displaced  grid  points  are  present 
only  if  function  minimization  (or  other  iterative 
technique)  is  employed  in  the  analysis.  In  the 
present  MAGIC  System  no  provision  is  made  for 
initially  displaced  grid  points.  Therefore,  no 
entries  should  be  made  in  this  location. 


(6 )  Number  of  Prescribed  Displaced  Grid  Points  - 
(Cols.  23-251 

Applied  loading  may  be  prescribed  in  terms 
of  non-zero  displacement  values.  A  single  dis¬ 
placement  load  condition  can  be  accommodated  per 
execution.  The  number  of  prescribed  displaced 
grid  points  is  the  number  of  grid  points  that  are 
assigned  known  values  of  displacement  other  than 
zero.  If  there  are  no  prescribed  non-zero  grid 
point  displacements,  this  entry  is  ignored  by 
the  User. 

(T )  Number  of  Grid  Point  Axes  Transformation  Systems - 
(Cols.  29-30) 

The  number  of  grid  point  axes  transformation 
systems  required  by  the  problem  is  entered  in  this 
location.  If  grid  point  axes  are  being  used  in  an 
analysis,  the  number  of  systems  employed  is  best 
obtained  from  a  scan  of  the  completed  Rotational 
Transformation  (GRAXES  or  TRANS)  Sections  which 
will  be  described  in  a  following  section.  If 
there  are  no  grid  point  axes  transformations 
employed,  this  entry  is  ignored  by  the  User. 

(8)  Number  of  Elements  -  (Cols.  31- 36) 

The  total  number  of  elements  to  be  employed  in 
the  analysis  is  entered  in  this  location.  The 
allowable  number  of  elements  is  governed  by  the 
order  of  the  unreduced  stiffness  matrices  for  each 
individual  element.  The  sum  of  the  element  stiff¬ 
ness  matrix  orders  must  be  <2000.  For  example, 
the  element  stiff'ness  matrix  for  the  quadrilateral 
thin  shell  element  is  of  the  order  48  by  48.  There¬ 
fore  a  maximum  of  4l  quadrilateral  thin  shell 
elements  can  be  used  in  any  one  analysis  because 
48  x  4l  =  1968  which  is  less  than  2000. 

(9)  Number  of  Requests  and/or  Revisions  of  Material 
Tape  -  (Cols.  37-88) 

The  total  number  of  requests  and/or  revisions 
being  made  against  the  material  tape  for  any 
particular  rim  are  entered  in  this  location.  This 
number  must  be  equal  to  the  number  which  appears 
on  the  second  entry  under  Section  II,  Material 
Tape  Input  Section  (Figure  II-2). 
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(10)  Number  of  Input  Boundary  Condition  Points 
(Cols.  39-ffi) 

The  Number  of  Input  Boundary  Condition  Points 
is  equal  to  the  number  of  exceptions  to  the  MODAL 
card  associated  with  the  Boundary  Condition 
Section.  This  number  is  best  obtained  by  scanning 
the  completed  Boundary  Condition  Section  and 
counting  the  total  number  of  grid  points  which 
are  entered  as  Listed  Input. 

(11)  Tfi  for  Structure  (With  Decimal  Point)  - 
(Cols.  45-52) 


The  number  entered  in  this  location  is  equal 
to  the  equilibrium  temperature  for  the  structure 
to  be  analyzed.  If  a  value  is  not  entered  in 
this  location,  an  ambient  temperature  of  zero 
degrees  will  be  assumed. 

If  a  thermal  stress  analysis  is  being  run, 
then  the  ambient  temperature  must  be  entered 
if  different  than  zero  degrees. 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


SYSTEM  CONTROL  INFORMATION 


Systems 
8.  Number  of  Elements 


9.  Number  of  Requests  and/or  Revisions  of 
Material  Tape. 


10.  Number  of  Input  Boundary 
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FIGURE  II-3  SYSTEM  CONTROL  INFORMATION  DATA  FORM 
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5. 


Print  Control  Section  (Figure  II-4) 


The  labeled  input  data  form  provided  for  the  Print 
Control  Section  is  shown  in  Figure  II-4. 

On  this  form  provision  is  made  for  printing  the 
following  items: 


(1) 

Assembly  -  Stiffness  - 

•  (Col.  1) 

(2) 

Inverse  -  (Col.  2) 

(3) 

Triangularized  -  Stiffness  -  (Col. 

3) 

(*) 

Displacements  -  (Col. 

(5) 

Intermediate  Function 

Minimization 

(Col.  5) 

This  section  is  not  applicable  in  the  present  MAGIC 
System.  It  is  included  because  it  is  anticipated  that  these 
and  other  options  will  be  provided  in  this  manner  in  future 
MAGIC  Systems. 

It  is  noted,  however,  that  output  from  the  Structural 
Monitor  records  the  input  data  problem  description  as  well 
as  optional  intermediate  results.  These  optional  inter¬ 
mediate  results  can  be  obtained  using  the  element  matrix 
print  options  which  are  described  in  the  Element  Control 
Section.  It  should  also  be  noted  that  System  level  matrix 
output  of  final  results  is  handled  by  the  FORMAT  standard 
matrix  print  capability. 
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PRINT  OPTIONS 
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FIGURE  I 1-4  PRINT  CONTROL  DATA  FORM 
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6.  Grid  Point  Coordinate  Section  (Figure  II-5) 


The  labeled  input  data  form  provided  for  the  Grid 
Point  Coordinate  Section  is  shown  in  Figure  II-5.  The  first 
entry  is  prelabeled  COORD  and  requires  no  input  from  the  User. 

The  second  and  following  entires  contain  information 
pertaining  to  the  grid  point  numbers  and  their  corresponding 
coordinates  as  follows. 

Grid  Point  Number  -  (Cols.  7-12) 

Grid  points  are  entered  as  fixed  point  numbers 
and  can  be  entered  in  any  sequence  desired.  Hie 
maximum  number  of  input  grid  points  allowed  is  equal 
to  999.  The  total  number  of  grid  points  entered  in 
this  section  must  be  called  out  on  the  System  Control 
Information  Data  Form  in  the  eitry  reserved  for  the 
Number  of  Input  Grid  Points  (Figure  II-3). 

Grid  Point  Coordinates  -  (Cols.  13-42) 

Grid  point  coordinates  are  entered  as  floating 
point  numbers.  For  each  grid  point  number  entered, 
a  corresponding  set  of  coordinates  must  also  be 
entered.  In  the  cartesian  system  these  correspond 
to  X,  Y,  and  Z  coordinates  while  in  a  cylindrical 
system,  the  corresponding  coordinates  are  R,  0,  and  Z. 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


GRIDPOINT  COORDINATE 


If  coordinate  information  mult  be  continued  on  second  sheet, 
user  MUST  delete  Coord.  Label  Card  from  second  sheet. 


FIGURE  II -5  GRID  POINT  COORDINATE  DATA  FORM 
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Grid  Point  Pressure  Section  (Figure  II-6) 


Pressure  loading  is  considered  as  element  applied 
loading  and  is  transformed  into  consistent  energy  equivalent 
grid  point  loads  within  the  MAGIC  System.  For  convenience  to 
the  User,  the  pressures  are  input  at  each  grid  point.  In  order 
to  accomplish  this,  a  labeled  input  data  form  is  provided  for 
the  Grid  Point  Pressure  Section.  This  form  is  shown  in 
Figure  II-6. 

In  this  section  the  User  may  employ  two  time  saving 

devices. 

(1)  MODAL  -  The  MODAL  option  automates  the  specifica¬ 
tion  of  recurring  values  within  a  subset  of  input 
data.  This  feature  enables  data-pre scribed 
initialization  of  tables.  Explicit  data  require¬ 
ments  are  thereby  limited  to  specification  of 
exceptions  to  the  modal  initialization. 

(2)  REPEAT  -  A  Repeat  option  is  available  which 
allows  the  User  to  retain  data  from  a  previous 
point  for  the  indicated  point. 

The  first  entry  on  the  form  is  prelabeled  PRESS  and 
requires  no  input  from  the  User.  The  second  entry  on  the  form 
is  the  MODAL  entry.  MODAL  is  prelabeled  in  Columns  1-5  of  this 
entry.  Columns  13-42  are  reserved  for  input  pressures.  This 
MODAL  option  allows  the  User  to  input  a  pressure  value  or  set 
of  pressure  values  (depending  on  the  finite  element  employed) 
which  the  system  applies  to  every  grid  point  unless  otherwise 
indicated  by  a  separate  entry  on  the  grid  point  cards  which 
follow  the  MODAL  entry. 

In  the  present  MAGIC  System,  a  maximum  of  two  pressure 
values  may  be  input  per  grid  point.  These  pressures  (entered  in 
floating  point  notation)  are  interpreted  according  to  the  element 
which  is  being  employed  in  the  analysis. 

The  third  and  following  entries  in  the  section  contain 
information  pertaining  to  the  Grid  Point  Numbers,  Repeat  Option 
and  corresponding  pressure  values  as  follows: 


35 


Grid  Point  Number  -  (Cols.  7-11) 


(1)  Grid  points  are  entered  as  fixed  point 
numbers. 

(2)  Grid  points  can  be  entered  in  any  sequence 
desired. 

(3)  Along  with  each  grid  point  a  maximum  of  two 
pressure  values  can  be  input.  The  pressure 
entry  is  a  function  of  the  type  of  element 
or  elements  employed  in  the  analysis  (See 
Element  Control  Section). 

Repeat  -  (Col,  12) 

The  repeat  option  allows  the  User  to  repeat  re¬ 
occurring  pressure  from  grid  point  to  grid  point. 
This  is  accomplished  in  the  following  manner.  If 
pressures  at  a  number  of  grid  points  are  identical, 
the  User  enters  the  grid  point  number  and  associated 
pressure  or  pressures  for  the  first  grid  point  at 
which  the  pressure  or  pressures  are  acting.  For 
the  following  points  with  identical  pressures,  just 
the  grid  point  number  (Col.  7-11)  and  an  'X*  in  the 
Repeat  (Col.  12)  need  be  entered. 

REMEMBER: 

(1)  For  a  problem  with  equal  pressures  at  all  grid 
points,  only  the  MODAL  entry  is  required. 

(2)  The  Repeat  option  can  be  used  effectively  for 
sets  of  grid  points  which  have  identical 
pressures, 

(3)  For  a  problem  where  pressure  loading  is  not 
pertinent,  the  User  simply  ignores  the  Grid 
Point  Pressure  Section. 

(4)  Pressures  associated  with  each  finite  element 
are  completely  described  in  the  Element 
Control  Section. 

(5)  Pressure  loadings  are  element  related  and 
are  not  to  be  confused  with  External  Loads. 
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FIGURE  II-6  CONCLUDED 


38 


8 .  Grid  Point  Temperature  Section  -  (Figure  II-7) 


Temperature  loading  is  considered  as  element  applied 
loading  and  is  transformed  into  consistent  energy  equivalent 
grid  point  loads  according  to  element  type.  For  convenience 
to  the  User,  the  temperature  values  (or  temperature  gradients) 
are  input  at  each  grid  point.  In  order  to  accomplish  this,  a 
labeled  input  data  form  is  provided  for  the  Grid  Point  Tempera¬ 
ture  Section.  In  this  section  (as  in  the  Grid  Point  Pressure 
Section)  the  User  may  employ  two  time  saving  devices. 

(1)  MODAL  -  The  MODAL  option  automates  the  specifica¬ 
tion  of  recurring  values  within  a  subset  of  input 
data.  This  feature  enables  data-prescribed 
initie* ization  of  tables.  Explicit  data  require¬ 
ments  .re  thereby  limited  to  the  specification 

of  exceptions  to  the  MODAL  initialization. 

(2)  REPEAT  -  A  Repeat  option  is  available  which 
allows  the  User  to  retain  data  from  a  previous 
point  for  the  indicated  point. 

The  prelabeled  input  data  form  provided  for  the  Grid 
Point  Temperature  Section  is  shown  in  Figure  II-7.  The  first 
entry  on  the  form  is  prelabeled  TEMP  and  requires  no  input  from 
the  User. 


The  second  entry  on  the  form  is  the  MODAL  entry. 

MODAL  is  prelabeled  in  Columns  1-5  of  this  entry.  Columns  13-42 
are  reserved  for  input  temperatures  (or  temperature  gradients). 
The  MODAL  option  allows  the  User  to  input  a  temperature,  or 
temperature  gradient,  (depending  on  the  finite  element  employed) 
which  the  system  applies  to  every  grid  point  unless  otherwise 
indicated  by  a  separate  entry  on  the  grid  point  cards  which 
follow  the  MODAL  entry. 

The  second  and  following  entries  in  the  section  contain 
information  pertaining  to  the  Grid  Point  Numbers,  Repeat  Option, 
and  corresponding  temperature  values  (or  gradients)  as  follows: 

Grid  Point  Number  -  (Cols,  7-11) 

(1)  Grid  points  are  entered  as  fixed  point 
numbers. 

(2)  Grid  points  can  be  entered  in  any  sequence 
desired. 


32 


Repeat  -  (Col.  12) 


The  repeat  option  allows  the  User  to  repeat 
reoccurring  temperatures  (or  gradients)  from  grid 
point  to  grid  point.  This  is  accomplished  in  the 
following  manner.  If  temperatures  at  a  number  of 
grid  points  are  identical,  the  User  enters  the  grid 
point  number  and  associated  temperature  data  fbr the  first 
grid  point.  For  the  following  points  having  the  same 
temperature  data,  just  the  grid  point  number  (Col.  7- 11) 
and  an  ’X'  in  the  Repeat  (Col.  12)  need  be  entered. 

From  Figure  II-7  it  is  noted  that  provision  is  made  for 
three  values  of  temperature  (or  temperature  gradients)  depending 
on  what  finite  element  is  being  used  in  the  analysis.  A  complete 
description  of  each  element  along  with  appropriate  instructions 
for  the  input  of  temperatures  and  temperature  gradients  will  be 
presented  in  the  Element  Control  Section. 

In  the  present  MAGIC  System  provision  is  not  made  for 
input  into  Cols.  33-42  which  contain  the  quantity,  T~.  These 
columns  should  therefore  be  ignored  by  the  User.  ^ 

REMEMBER: 

(1)  For  a  problem  with  equal  temperatures  at  all 
grid  points,  only  the  MODAL  entry  is  required. 

(2)  The  Repeat  option  can  be  used  effectively  for 
sets  of  grid  points  which  have  the  same 
temperatures. 

(3)  Remember  to  specify  TQ  on  the  System  Control 
Information  Data  Form  (Figure  II-3). 

(4)  For  a  problem  where  temperature  loading  is  not 
pertinent  the  User  simply  ignores  the  Grid 
Point  Temperature  Section. 

(5)  Temperature  loadings  are  element  related  and 
are  not  to  be  confused  with  External  Loads. 

(6)  The  temperatures  input  in  the  Section  must  be 
consistent  with  the  units  of  the  coefficient 
of  thermal  expansion,  oc  ,  which  was  input  in 
the  Material  Tape  Input  Section  (Figure  II-2). 
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9.  Rotational  Transformations  Section  - 
Input  Matrices  -  (Figure  II-8) 

In  general,  a  reference  axis  system  is  associated 
with  each  grid  point.  This  Local  System  (7,  Y,  7)  may  he 
specified  in  two  ways.  Firstly,  it  can  he  specified  in  terms 
of  a  3  x  3  transformation  relative  to  Global  Axes  (X,  Y,  Z). 
Alternatively,  axes  for  a  grid  point  may  he  specified  hy  a  set 
of  coc. Jinate  points.  The  three  hy  three  transformation 
relative  to  Global  Axes  is  then  generated  internally  and  exhib¬ 
ited  in  the  edited  display  of  problem  description  data.  This 
feature  enables  treatment  of  boundary  constraints  arbitrarily 
oriented  with  respect  to  Global  Axes.  It  also  allows  displace¬ 
ment  output  to  be  displayed  in  convenient  Local  Systems  (e.g. 
shell  midsurface  and  normal  directions). 

This  section  deals  with  the  case  in  which  the  User 
inputs  the  three  by  three  transformation  matrices  relative 
to  Global  Axes. 

The  labeled  input  data  form  provided  for  this  section 
is  shown  in  Figure  II-8.  The  first  entry  is  prelabeled  TRANS 
and  requires  no  input  from  the  User.  The  second  and  subsequent 
entries  contain  the  following  items  of  information. 

System  Number  -  (Cols,  7-9) 

The  System  Number  is  entered  as  a  fixed  point 
number.  This  number  can  be  from  1  to  n  where  n  is 
the  number  of  Local  Systems  which  are  being  trans¬ 
formed.  The  value  of  n  must  be  called  out  on  the 
System  Control  Information  Data  Form  (Figure  II-3). 

Number  of  Applicable  Grid  Points  -  (Cols.  10-12) 

The  entry  made  in  this  position  is  equal  to  the 
number  of  grid  points  which  are  contained  in  the 
Local  System  being  transformed.  This  number  is 
entered  as  a  fixed  point  number. 

The  next  entries  made  by  the  User  pertain  to  the 
applicable  grid  points  themselves.  The  number  of  grid  points 
entered  must  be  equal  to  the  number  which  was  entered  in  the 
Number  of  Applicable  Grid  Points  Location  (Cols.  10-12). 
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Applicable  Grid  Points  -  (Cols.  7-51) 

There  Is  provision  made  for  a  maximum  of  15 
applicable  grid  points  per  system  number  in  this 
location.  Each  grid  point  is  contained  in  a  three 
column  field  and  is  entered  as  a  fixed  point  number. 
If  more  than  15  grid  points  are  applicable  to  one 
transformation,  the  remaining  points  must  be  defined 
under  additional  systems. 


transformation  Matrix 


The  following  entries  are  the  elements  of  the 
three  by  three  transformation  matrix  itself.  The 
transformation  matrix  is  of.  the  form 


(xg1  ■  M  fo} 


where  the  refers  to  Global  (X,  Y,  Z)  coordinate 

Vector  and  the  |xLj  refers  to  Local  System  (X,  If,  2) 

coordinate  Vector.  The  transformation  matrix  is  of  the 
form: 


1»1» 


Global  Axis 


Local 

System  Axis 
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e  - 

XX 

ux 

=  Cos 

e  - 
yx 

vx 

=  Cos 

6zx 
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uy 

=  Cos 

eyy 

vy 

=  Cos 

0zy 

Cos 

9xZ 

uz 

=  Cos 

V 

vz 

=  Cos 

ezZ 

and  the  input  to  the  prelabeled  input  data  form 
is  as  follows: 


TRANSFORMATION  MATRIX 


COLUMN  I 


LUMN  S 


■  EECSQCauaQ  UE2CC2CU0Q  toocasEtioo 

rilll^llllllI2HlllllirHIIIII| 

imcuiiiiirnmiiirmimi 


REMEMBER: 


(1)  Total  number  of  Systems  which  are  being 
transformed  must  be  set  forth  on  the  Systems 
Control  Information  Data  Form  (Figure  II-3). 

(2)  In  this  section  the  transformation  matrices 
are  input  by  the  User.  In  the  following 
section,  titled  GRAXES  the  transformation 
matrices  are  calculated  internally  by  the 
MAGIC  System. 
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APPLICABLE  CRIB  POINTS 
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APPLICABLE  BRIO  POINTS 
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(INPUT  MATRICES)  DATA  FORM 
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INPUT  DATA  FORMAT 

ROTATIONAL 

TRANSFORMATIONS 

(  INPUT 

MATRICES) 

POINTS 


COLUMN  1  I 

COLUMN  2  ! 

COLUMN  3 
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GRID  POINTS 
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TRANSFORMATION  MATRIX 


COLUMN  I 


COLUMN  2 


COLUMN  3 
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COLUMN  3 


0BB3E3B0BH  HB3BB3BSB3  BB3BB33BIW 


•RIO  POINTS 


10  II  12  13  14  IS 


TRANSFORMATION  MATRIX 
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3B0BBGBBHBBBIJB0BBEBflCDKBEQnEBn33BBB  0BBDDDDBOB  BQSQQDQBQB  UOCCBQCtiDB 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiDmiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 


MATRICES)  DATA  FORM 


10.  Rotational  Transformations  Section  -  General  Tram  . 

Matrices  (Figure  II-9) 

A  reference  axis  system  is  normally  associated  with 
each  grid  point.  This  Local  System  (7,?, 2)  may  be  specified  in 
two  ways.  Firstly,  it  can  be  specified  in  terms  of  a  3  x  3  trans¬ 
formation  relative  to  Global  Axes  (X,Y,Z).  Alternatively,  axes 
for  a  grid  point  may  be  specified  by  a  set  of  coordinate  points. 
The  three  by  three  transformation  relative  to  Global  Axes  is 
then  generated  internally  and  exhibited  in  the  edited  display  of 
problem  description  data.  This  feature  enables  treatment  of 
boundary  constraints  arbitrarily  oriented  with  respect  to  Global 
Axes.  It  also  allows  displacement  output  to  be  displayed  in 
convenient  Local  Systems  (e.g.  shell  midsurface  and  normal 
directions) . 

This  section  dv.als  with  the  case  in  which  the  trans¬ 
formation  raatrices  are  generated  internally  by  the  MAGIC  System 
based  on  instructions  supplied  by  the  User. 

The  labeled  input  data  form  provided  for  this  section 
is  shown  in  Figure  II-9.  The  first  entry  is  prelabeled  GRAXES 
and  requires  no  information  from  the  User.  The  second  and  sub¬ 
sequent  entries  contain  the  following  items  of  information. 

System  Number  -  (Cols.  7-9) 

The  grid  point  triad  System  Number  is  an  integer 
identification  code  which  enables  convenient  and 
explicit  reference  to  particular  grid  point  axes 
transformations  of  the  form 

to  -  0]  to 

Global  Coordinate  Vector 
Local  System  Coordinate  Vector 
Transformation  Matrix 


to  ■ 
to  = 
M  - 
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Local  Axis  Direction  -  (Cols.  10-12) 


A  grid  point  axis  system  is  described  by  specifying 
the  identification  numbers  of  two  grid  points  which 
lie  along  one  axis  together  with  the  identification 
number  of  a  gridpoint,  which  lies  in  one  of  the  Local 
coordinate  planes.  The  integer  number  *1'  is  placed 
in  Column  10,  11,  or  12,  corresponding  to  the  respec¬ 
tive  definition  of  the  X,  Y,  or  Y  axis  by  two 
coordinate  points. 

Plane  Definition  Grid  Point  Numbers  -  (Cols.  13-24) 

The  grid  point  number  column  1  and  2  identify  the 
two  grid  points  which  lie  along  an  axis  of  the  grid 
point  coordinat  system.  The  positive  direction  is 
assumed  from  1  toward  2.  The  coordinate  plane  (in 
which  the  coordinate  point  associated  with  the  grid- 
point  column  labeled  3  resides),  depends  upon  the 
axis  defined  by  the  first  two  points.  The 
interpretation  is  as  follows: 

(1)  If  points  1  and  2  define  the  X-axis  then 
point  3  lies  in  the  (3£,Y)  plane. 

(2)  If  points  1  and  2  define  the  Y-axis  then 
point  3  lies  in  the  (X,T)  plane. 

(3)  If  points  1  and  2  define  the  ST- axis  then 
point  3  lies  in  the  (Y,?)  plane. 

Applicable  Grid  Point  Numbers  -  (Cols.  25-69) 

This  data  specifies  the  list  of  grid  points 
associated  with  the  grid  point  axis  coordinate 
system  identification  number.  If  the  list  length 
exceeds  the  available  space  on  the  first  line, 
then  the  remaining  points  must  be  redefined  under 
additional  Systems. 

REMEMBER: 

(1)  Total  number  of  Systems  which  are  being 
transformed  must  be  set  forth  on  the  Systems 
Control  Information  Data  Form  (Figure  II-3). 

(2)  In  this  section  the  transformation  matrices 
are  generated  internally  by  the  System.  In 
the  preceding  section  entitled  TRANS  the 
transformation  matrices  were  input  by  the  User. 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


FIGURE  II-9  ROTATIONAL  TRANSFORMATION  (GENERATE  TRANS.  MATRICES)  DATA  FORM 


11.  Boundary  Condition  Section  (Figure  11-10) 

The  labeled  input  data  form  provided  for  the 
Boundary  Condition  Section  is  shown  in  Figure  11-10.  Three 
types  of  input  codes  define  the  types  of  displacement 
allowed : 

(a)  0  =  No  displacement  allowed, 

(b)  1  =  Unknown  Displacement  and 

(c)  2  =  Known  (Prescribed)  Displacement. 

The  input  code  designated,  ’ 2 * ,  Known  Displacement, 
pertains  to  displacement  loading.  If  displacement  loading 
is  present  in  an  analysis,  the  degrees  of  freedom  which  have 
known  values  of  displacement  are  designated  with  the  input 
code  '2*.  A  separate  prelabeled  input  data  form  designated 
as  the  prescribed  Displacement  Section  is  provided  so  that 
the  User  may  input  the  values  of  the  known  (prescribed) 
displacements  associated  with  these  degrees  of  freedom. 

This  form  will  be  described  in  detail  in  the  following 
section. 


With  regard  to  the  Boundary  Condition  Section,  the 
User  may  employ  two  time  saving  devices. 

(1)  MODAL  -  The  MODAL  option  automates  the 
specification  of  reoccurring  values  within 
a  subset  of  input  data.  This  feature 
enables  data-pre scribed  initialization  of 
tables.  Explicit  data  requirements  are 
thereby  limited  to  specification  of 
exceptions  to  the  MODAL  initialization. 

(2)  REPEAT  -  A  Repeat  option  is  available 
which  allows  the  User  to  retain  data  from 
a  previous  point  for  the  indicated  point. 

The  first  entry  on  the  Boundary  Condition  form  is 
prelabeled  BOUND  and  requires  no  input  from  the  User.  The 
second  entry  on  the  form  is  the  MODAL  entry.  MODAL  is  pre¬ 
labeled  in  columns  1-5  of  this  entry.  Columns  13-21  are 
reserved  for  boundary  conditions.  The  MODAL  option  allows 
the  User  to  input  a  set  of  boundary  conditions  which  the 
system  applies  to  every  grid  point  unless  otherwise  indicated 
by  a  separate  entry  on  the  grid  point  cards  (Listed  Input) 
which  follow  the  MODAL  entry. 
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A  total  of  nine  degrees  of  freedom  per  point  is 
provided  for  on  the  prelaheled  input  forms.  Three  transla¬ 
tion  degrees  of  freedom  (u,  v,  w)i  three  rotations  (©  ,  0  , 

©z)  and  three  generalized  degrees  of  freedom  (1,  2,  3). 

The  total  number  of  degree  of  freedom  entries  per  point  is  a 
function  of  the  plug  type  being  employed  in  the  analysis. 


(1)  Triangular  Cross-Section  Ring  -  Three  Degree 
of  Freedom  Entries  per  Point:  Corresponding 
Displacements  (u,  v,  w). 

(2)  Frame  Element,  Quadrilateral  Shear  Panel, 
Quadrilateral  and  Triangular  Thin  Shell 
Elements  -  Six  Degree  of  Freedom  Entries  per 
Point:  Corresponding  Displacements 

(u,  v,  w,  ©x,  ey,  ©z). 

(3)  Toroidal  Thin  Shell  Ring  Element  -  Nine 

Degree  of  Freedom  Entries  per  Point:  Corresrmding 
Displacements  (u,  o,  w,  o,  © ,  o,  u',  o,  w"). 

Following  the  MODAL  entry  are  the  entries  pertain¬ 
ing  to  Listed  Input.  Included  are  Grid  Point  Numbers, 

Repeat  Option  and  corresponding  boundary  conditions  as 
follows : 


Grid  Point  Number  -  (Cols,  7-11) 

(1)  Grid  points  are  entered  as  fixed  point 
numbers. 

(2)  Grid  points  can  be  entered  in  any  order. 
Repeat  -  (Col.  12) 

The  repeat  option  allows  the  User  to  repeat 
reoccurring  boundary  conditions,  from  grid  point 
to  grid  point.  This  is  accomplished  in  the  fol¬ 
lowing  manner.  If  the  boundary  conditions  at  a 
number  of  grid  points  are  identical,  the  User 
enters  the  grid  point  number  and  associated 
boundary  conditions  for  the  first  grid  point. 

For  the  following  points  with  identical  boundary 
conditions,  just  the  grid  point  number  (Cols.  7- 
11)  and  an  'X1  in  the  Repeat  (Col.  12)  need  be 
entered. 
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REMEMBER: 


(1)  The  repeat  option  can  be  used  effectively 
for  sets  of  grid  points  which  have  identical 
boundary  conditions. 

(2)  The  Number  of  Input  Boundary  Condition 
Points  must  be  specified  on  the  System 
Control  Information  Data  Form  (Figure  II-3). 
This  value  is  equal  to  the  number  of 
exceptions  to  the  MODAL  card. 
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BOUNDARY  CONDITIONS 


FIGURE  11-10  BOUNDARY  CONDITION  DATA  FORM 


FIGURE  11-10  CONCLUDED 
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12.  Prescribed  Displacement  Section  (Figure  11-11) 


Applied  loading  may  be  prescribed  in  terms  of  non-zero 
displacement  values.  A  single  displacement  load  condition  can  be 
accommodated  per  execution.  The  number  of  prescribed  displaced 
grid  points  is  the  number  of  grid  points  that  are  assigned  known 
values  of  displacement  other  than  zero. 

This  section  is  used  in  conjunction  with  the  Boundary 
Condition  Section  when  an  input  code  '2'  is  used  in  that  section. 
This  code  designates  that  the  grid  point  degree  of  freedom  for 
which  '2'  is  entered  has  a  prescribed  displacement.  In  order  to 
input  the  actual  value  for  each  prescribed  displacement,  the 
Prescribed  Displacement  Data  Form  is  provided  and  is  shown  in 
Figure  11-11. 

A  total  of  nine  possible  prescribed  displacements  per 
grid  point  are  provided  for  in  the  section.  These  are  as 
follows : 

(1)  three  Translations  (u,  v,  w) 

(2)  three  Rotations  (©x,  0y,  9Z)  and 

(3)  three  Generalized  Displacements  (1,  2,  3)* 

The  total  number  of  degree  of  freedom  entries  per  grid  point  is 
a  function  of  the  plug  type  being  employed  in  the  analysis. 


(1)  Triangular  Cross-Section  Ring  -  Three  Degree 

of  Freedom  Entries  per  Point:  Possible  Displace¬ 
ments  (u,  v,  w). 

(2)  Frame  Element,  Quadrilateral  Shear  Panel, 
Quadrilateral  and  Triangular  Thin  Shell 
Elements  -  Six  Degree  of  Freedom  Entries  per  Point: 
Possible  Displacements  (u,  v,  w,  ©x,  0y,  0Z). 

(3)  Toroidal  Thin  Shell  Ring  Element  -  Nine  Degree  of 
Freedom  Entries  per  Point:  Possible  Displacements 
(u,  o,  w,  o,  ©y,  o,  u',  o,  w"). 

Where  the  (u1,  o,  w”)  correspond  to  the  last 
three  generalized  displacements  (1,  2,  3)  which 
will  be  completely  described  in  the  Toroidal 
Ring  portion  of  the  Element  Control  Section. 
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The  applicable  values  of  prescribed  displacement  are 
entered  as  floating  point  numbers.  It  is  important  to  note  that 
Keypunch  Personnel  have  been  instructed  to  ignore  entries  that 
are  not  filled  in.  Blank  entries  are  not  considered  as  zero's. 
Zero's  must  be  entered  in  an  entry  when  applicable. 

The  first  entry  on  the  Prescribed  Displacement  Data 
Form  is  prelabeled  PRDISP  suid  requires  no  information  from  the 
User.  The  second  entry  is  prelabeled  PCOND  in  columns  1-5. 

Columns  7-11  are  reserved  for  the  Condition  Number. 

Condition  Number  -  (Cols.  7-11) 

The  condition  number  is  a  fixed  point  number.  In 

the  present  MAGIC  System,  only  one  (1)  displacement 

load  condition  can  be  accommodated  per  execution. 

Therefore,  the  number  'l'  is  entered  in  this  location. 

The  next  entry  on  the  form  is  the  MODAL  entry.  This 
entry  allows  the  User  to  input  a  set  of  prescribed  displacements 
which  the  program  assumes  to  apply  to  every  grid  point  unless 
otherwise  indicated  by  a  separate  grid  point  entry  on  the  grid 
point  cards.  MODAL  is  prelabeled  on  this  card  and  the  only 
information  required  by  the  User  are  the  prescribed  displacement 
values  which  have  been  discussed  previously. 

The  third  and  following  entries  contain  information 
pertaining  to  the  Grid  Point  Numbers,  Repeat  Option  and  prescribed 
displacement  values  as  follows: 

Grid  Point  Number  -  (Cols.  7-11) 

(1)  Grid  Points  are  entered  as  fixed  point  numbers. 

(2)  Grid  Points  can  be  entered  in  any  sequence  desired. 


Repeat  -  (Col.  12) 

The  repeat  option  allows  the  User  to  repeat  values 
of  prescribed  displacements  from  grid  point  to  grid 
point.  This  is  accomplished  in  the  following  manner. 
If  the  prescribed  displacements  at  a  number  of  grid 
points  are  identical,  the  User  enters  the  grid  point 
number  and  associated  displacements  for  the  first  grid 
point.  For  the  following  points  with  identical  dis¬ 
placements,  only  the  grid  point  number  (Col.  7-11)  and 
an  'X'  in  the  Repeat  (Col.  12)  need  be  entered. 
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REMEMBER: 


(1)  Zeros  must  be  entered  when  applicable. 

Blanks  are  not  zeros. 

(2)  If  the  number  of  degree  of  freedom  entries 
per  grid  point  is  equal  to  three  (3),  then 
only  the  translation  entry  (u,  v,  w)  is 
applicable.  The  other  two  entries  (Rotations 
and  Generalized)  are  ignored  by  the  User. 

(3)  If  the  number  of  degree  of  freedom  entries 
per  grid  point  is  equal  to  six  (6)  then  the 
translation  and  rotation  entries  must  be 
considered.  If  for  instance,  at  a  certain 
grid  point  there  are  prescribed  values  of 
translations,  but  not  rotations,  zeros  must 
be  entered  for  the  rotation  values  or  the 
rotation  entry  will  be  ignored  by  the  Keypunch 
Operator.  This  would  cause  premature  termina¬ 
tion  of  the  run  since  six  degree  of  freedom 
elements  require  two  cards  per  grid  point. 

(4)  If  the  number  of  degree  of  freedom  entries 
per  grid  point  is  equal  to  nine  (9)  - 
(Toroidal  Ring  Element)  then  entries  for 
translation,  rotation  and  generalized  values 
of  displacement  must  be  entered  where  appli¬ 
cable.  If  some  of  these  entries  are  equal  to 
zero,  these  zero  values  must  still  be  entered 
otherwise  the  entries  will  be  ignored  by  the 
Keypunch  Operator  causing  termination  of 

the  run. 

(5)  The  Number  of  Prescribed  Displaced  Grid  Points 
must  be  specified  on  the  System  Control  Informa¬ 
tion  Data  Form  (Figure  II-3).  This  value  is 
equal  to  the  number  of  exceptions  to  the  MODAL 
card. 


SUMMARY: 

For  convenience  the  last  three  Reminders  are 
briefly  stated  as, 

(1)  Three  (3)  Degree  of  Freedom  Entries  per 

Grid  Point;  1  Prescribed  Displacement  Card 
Required  per  Grid  Point. 
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(2)  Six  (6)  Degree  of  Freedom  Entries  per 

Grid  Point;  2  Prescribed  Displacement  Cards 
Required  per  Grid  Point. 

(3)  Nine  (9)  Degree  of  Freedom  Entries  per 
Grid  Point;  3  Prescribed  Displacement  Cards 
Required  per  Grid  Point. 
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13.  External  Grid  Point  Load's  Section  -  (Figure  11-12) 


Concentrated  loads  are  specified  by  component  against 
grid  point  number.  For  convenience  the  axes  of  reference  may 
be  specified  optionally  as  Global  or  Local  System  (grid  point) 
Axes . 


Hie  labeled  input  data  format  provided  for  the 
External  Grid  Point  Loads  Section  is  shown  in  Figure  11-12. 

A  total  of  nine  possible  external  loads  are  provided  for  in  this 
section.  Hiese  are  as  follows: 


(1)  three  Forces  (Fx,  Fy,  Fz), 

(2)  three  Moments  (M  ,  M  ,  M  )  and 

x  y  z 

(3)  three  Generalized  Forces  (F^,  Fg,  F^). 

The  total  number  of  degree  of  freedom  entries  per 
grid  point  is  dependent  on  the  plug  type  being  employed  in 
the  analysis.  Three  types  appear  in  the  MAGIC  System,  i.e. 


(1)  Triangular  Cross-Section  Ring  -  Three  Degree 

of  Freedom  Entries  per  Point:  Possible 

External  Forces  (F  ,  F  ,  F  ) . 

x  y  z 

(2)  Frame  Element,  Quadrilateral  Shear  Panel, 
Quadrilateral  and  Triangular  Thin  Shell  Elements  - 
Six  Degree  of  Freedom  Entries  per  Point:  Possible 
External  Forces  (Fx,  Fy,  Fz,  Mx,  My,  Mz). 

(3)  Toroidal  Thin  Shell  Ring  -  Nine  Degree  of  Freedom 
Entries  per  Point:  Possible  External  Forces 

(Fx,  0,  Fz,  0,  My,  0,  F1#  0,  F3).  The  F^  0  and 

F^  are  a  set  of  generalized  forces  which  will  be 

described  in  detail  in  the  section  dealing  with 
the  Toroidal  Ring  Element. 


The  applicable  concentrated  Grid  Point  Loads  are 
entered  as  floating  point  numbers.  It  is  important  to  note  that 
Keypunch  Personnel  have  been  instructed  to  ignore  entries  that 
are  not  filled  in.  Blank  entries  are  not  considered  as  zeros. 
Zeros  must  be  entered  in  an  entry  when  applicable. 

The  first  entry  on  the  External  Grid  Point  Loads  Form 
is  prelabeled  LOADS  and  requires  no  information  from  the  User. 
Hie  second  entry  is  prelabeled  LCOND  in  Columns  1-5.  The  User 
supplies  two  items  of  information  for  this  entry  as  follows: 
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Condition  Number  -  (Cols.  7-11) 


(1)  Each  external  load  condition  requires 
a  number. 

(2)  Each  External  Load  Condition  is  entered 
on  a  Separate  labeled  input  data  form. 

(3)  In  every  analysis,  the  User  must  designate 
at  least  one  (1)  External  Load  Condition. 
This  applies  even  when  there  are  no  External 
Loads  acting  on  the  system. 

(4)  The  condition  number  is  entered  as  a  fixed 
point  number. 

Element  Applied  Load  Scalar  -  (Cols.  13-22) 


The  Element  Applied  Load  Scalar  (EALS),  entered  as 
a  floating  point  number,  is  a  device  which  enables 
the  User  to  scale  the  element  applied  load  up  or  down 
by  a  scalar  multiplier.  Element  applied  loading  is 
pressure  or  thermal  loading.  The  EALS  is  utilized  in 
the  following  way. 

Total  Load  =  External  Grid  Point  Loads  +  (EALS) 
x  Element  Applied  Loads 

For  multiple  load  conditions,  the  EALS  is  always 
applied  to  the  original  element  applied  loads.  As 
an  example,  if  for  the  first  loading  condition,  the 
EALS  =  0.50,  the  Total  Load  would  equal  the  following: 

Total  Load  =  External  Grid  Point  Loads  +  (0.5) 
x  Element  Applied  Loads 

If  for  the  second  load  condition,  the  EALS  =  0.10, 
the  Total  Load  would  equal  the  following: 

Total  Load  =  External  Grid  Point  Loads  +  (0.1) 
x  Original  Element  Applied  Loads 
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The  next  entry  on  the  form  is  the  MODAL  entry.  This 
entry  allows  the  User  to  input  a  set  of  External  Loads  which  the 
program  assumes  to  apply  to  every  grid  point  unless  otherwise 
indicated  by  a  separate  grid  point  entry  on  the  grid  point  cards. 
MODAL  is  prelabeled  on  this  card  and  the  only  information 
required  by  the  User  are  the  External  Load  Values  which  have 
been  discussed  previously. 

The  third  and  following  entries  contain  information 
pertaining  to  the  Grid  Point  Numbers,  Repeat  Option  and  External 
Loads,  as  follows: 

Grid  Point  Number  -  (Cols.  7-11) 

(1)  Grid  Point  Numbers  are  entered  as  fixed 
point  numbers. 

(2)  Grid  Point  Numbers  can  be  entered  in  any 
sequence  desired. 

Repeat  -  (Col.  12) 


Hie  repeat  option  allows  the  User  to  repeat  values 
of  external  loads  from  grid  point  to  grid  point. 

This  is  accomplished  in  the  following  manner.  If  the 
external  loads  at  a  number  of  grid  points  are  identical, 
the  User  enters  the  grid  point  number  and  associated 
external  loads  for  the  first  grid  point.  For  the 
following  points  having  identical  loads,  only  the  grid 
point  number  (Col.  7-11)  and  an  'X'  in  the  Repeat 
(Col.  12)  need  be  entered. 

REMEMBER: 

(1)  The  External  Grid  Point  Loads  Section  must  be 
utilized  even  if  there  are  no  external  grid 
point  loads  acting  on  the  structure.  For  this 
case,  only  the  MODAL  Card  is  required  with 
zero  entries  in  the  appropriate  locations. 

(2)  The  Repeat  option  can  be  used  effectively  for 
sets  of  grid  points  having  identical  external 
loads. 

(3)  External  Grid  Point  Loads  are  not  element  related 
and  should  not  be  confused  with  element  applied 
loads  such  as  pressures  and  thermal  loading. 

(4)  The  number  of  external  load  conditions  must  be 
specified  on  the  System  Control  Information 
bata  Form  (Figure  II-3). 
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(5)  Zeros  must  be  entered  when  applicable.  Blanks 
are  not  zeros. 

(6)  If  the  number  of  degree  of  freedom  entries  per  grid 
point  is  equal  to  three  (3)  then  only  the  force 
values  (Fx,  F  ,  Fg)  are  applicable.  The  other 

two  entries  (Moments  and  Generalized  Forces)  are 
ignored  by  the  User. 

(7)  If  the  number  of  degree  of  freedom  entries  per  grid 
point  is  equal  to  six  (6)  then  the  Force  and 
Moment  Values  must  be  considered.  If  for 
instance,  at  a  certain  grid  point  there  are 
applied  forces  but  no  applied  moments,  zeros 

must  be  entered  for  the  Moment  values  or  this 
entry  will  be  ignored  by  the  Keypunch  Operator. 
This  would  cause  premature  termination  of  the 
run  since  six  degree  of  freedom  elements  re¬ 
quire  two  External  Load  cards  per  grid  point. 

(8)  If  the  number  of  degree  of  freedom  entries  per  grid 
point  is  equal  to  nine  (9)  then  Forces,  Moments 
and  Generalized  Forces  must  be  entered.  If 
some  of  these  entries  are  equal  to  zero,  these 
zero  values  must  still  be  entered  otherwise  the 
entries  will  be  Ignored  by  the  Keypunch  Operator 
causing  premature  termination  of  the  run. 

SUMMARY: 

For  convenience  the  last  three  Reminders  are 
briefly  stated  as, 

(1)  Three  (3)  Degree  of  Freedom  Entries  per  Grid  Iblnt; 

1  External  Load  Card  Required  per  Grid  Point. 

(2)  Six  (6)  Degree  of  Freedom  Entries  per  Grid  Point; 

2  External  Load  Cards  Required  per  Grid  Point. 

(3)  Nine  (9)  Degree  of  Freedom  Entries  per  Grid  Point; 

3  External  Load  Cards  Required  per  Grid  Point. 
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l4.  Element  Control  Data  Section  (Figure  11-13) 

The  Element  Control  Data  Section  establishes  control 
on  the  types  and  number  of  elements  which  are  to  be  used  in  a 
specific  analysis.  A  prelabeled  input  data  form  is  provided 
for  the  Element  Control  Data  Section  and  is  shown  in  Figure  IE-33. 
This  form  is  applicable  to  all  finite  elements  which  are 
contained  in  the  MAGIC  Library.  Upon  examination  of  the  form  it 
is  seen  that  certain  data  are  applicable  to  all  of  the  elements 
in  the  library  while  other  data  are  element  dependent. 

The  first  entry  on  the  form  is  prelabeled  ELEM  and 
requires  no  information  from  the  User.  The  second  and  following 
entries  contain  the  following  information. 

Element  Number  -  (Cols,  7-10) 

(1)  The  element  number  which  defines  the  element 
being  considered  is  entered  in  this  location. 

(2)  Elements  can  be  entered  in  any  sequence 
desired. 

(3)  The  element  number  is  entered  as  a  fixed 
point  number. 

Plug  Number  -  (Cols.  11-12) 

(1)  Each  finite  element  in  the  Element  Library 
has  an  identification  number  as  follows: 


(a) 

Number  11  - 

Frame  Element 

0>) 

Number  25  - 

Quadrilateral  Shear  Panel 

(c) 

Number  40  - 

Triangular  Cross-Section  Ring 

(d) 

Number  30  - 

Toroidal  Ring  Element 

(e) 

Number  21  - 

Quadrilateral  Thin  Shell 

(f) 

Number  20  - 

Triangular  Thin  Shell 

(2)  Identification  numbers  are  entered  as  fixed 
point  numbers. 
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Material  Number  -  (Cols.  13-18) 


The  material  number  is  the  number  of  the  material 
associated  with  the  element  in  question.  This  number 
is  referenced  to  the  material  tape.  For  instance  if 
the  User  were  using  material  number  138,  this  material 
would  have  had  to  be  on  the  tape  at  the  time  of  the 
run  or  be  a  material  that  the  User  was  adding  to  the 
tape  for  this  particular  run. 

Temperature  Interpolate  Option  -  (Col.  19) 


The  Temperature  Interpolate  Option  is  exercised 
in  the  following  manner: 

(1)  If  an  entry  is  not  made  in  Column  19,  the  program 
will  average  the  node  point  temperatures  of  the 
element  in  question  and  use  this  average  tempera¬ 
ture  when  establishing  material  properties  from 
the  material  tape. 

(2)  If  a  * 1  *  is  entered  in  Column  19,  the  program  will 
use  the  Material  Temperature  entered  in  Columns 
20-27  when  establishing  material  properties  from 
the  material  tape. 

(3)  If  a  number  n  (n>l)  is  entered  in  Column  19,  then 
this  number  is  equal  to  the  number  of  node  points 
which  will  participate  in  the  averaging  process. 

The  first  n  node  points  entered  in  Columns  36-71 
(Ifode  Point  Section),  of  the  Element  Control  Data 
Section  will  then  be  used  in  the  averaging  process. 

Material  Temperature  -  (Cols.  20-27) 

If  the  User  exercises  the  Temperature  Interpolate 
Option  bjr  placing  a  *JL '  in  Column  19.  then  a  tempera¬ 
ture  associated  wi^Bh  the  element  in  question  should  be 
entered  in  Columns  20-27  in  a  thermal  stress  analysis. 

The  program  will  then  use  this  temperature  when 
establishing  material  properties  from  the  Material  Tape. 

Repeat  Element  Matrices  -  (Col.  28) 

Element  matrices  generated  for  assembly  against  a 
particular  finite  element  specification  can  also  be 
used  for  the  next  element  in  the  calculation  sequence. 

This  avoids  repeated  calculation  of  identical  element 
matrices.  Experience  indicates  a  high  frequency  of 
opportunities  for  exploiting  this  feature.  Input  data 
requirements  and  execution  times  can  be  significantly 
reduced  with  use  of  this  feature.  The  option  is  exercised 
by  the  User  by  placing  an  'X*  in  Col.  28  opposite  the 
Element  Number  for  which  element  matrices  are  to  be 
repeated. 


67 


Element  Input  -  (Col.  29) 


Certain  of  the  elements  contained  in  the  MAGIC 
System  element  library  require  Element  Input  peculiar 
to  that  element.  All  of  the  elements  available  in 
the  MAGIC  element  library  require  Element  Input  with 
the  exception  of  the  Triangular  Cross-Section  Ring 
where  it  depends  upon  the  type  of  analysis  being 
performed.  For  elements  which  require  Element  Input, 
an  'X'  is  placed  in  Column  29. 

A  prelabeled  input  data  form  is  provided  especially 
for  Element  Input.  This  form  will  be  discussed  in  detail 
immediately  following  the  discussion  of  the  Element  Control 
Data  input  form. 

Interpolated  Input  Print  -  (Col.  30) 

If  the  User  places  an  ’X'  in  Column  30,  the  fol¬ 
lowing  information  is  obtained: 

(1)  Material  Number 

(2)  Material  Identification 

(3)  Type  of  Material,  i.e.  Isotropic  or  Orthotropic 

(4)  Interpolated  Material  Properties,  which  include 

(a)  Temperature 

(b)  Young's  Modulus 

(c)  Poisson's  Ratio 

(d)  Thermal  Expansion  Coefficients 

(e)  Rigidity  Moduli 

Element  Matrix  Print  -  (Col.  31) 

If  the  User  places  an  'X'  in  Column  31>  a  print 
of  element  matrices  associated  with  the  element  in 
question  is  obtained. 
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Full  Print  (Col.  32) 


If  the  User  places  an  'X’  in  Column  32  a  total 
print  of  all  element  matrices  and  intermediate 
computations  is  obtained  for  the  element  in  question. 
In  general,  this  option  is  exercised  when  debugging 
a  problem. 

Number  of  Input  Nodes  -  (Cols.  33-34) 

The  number  of  input  nodes  is  the  number  of  node 
points  which  define  an  element.  The  following 
number  of  node  points  are  applicable  to  the  elements 
in  the  MAGIC  Library. 

(1)  Frame  Element:  3  Node 

(2)  Quadrilateral  Shear  Panel:  4  Node 

(3)  Toroidal  Ring  Element:  2  Node 

(4)  Quadrilateral  Thin  Shell:  8  Node 

(5)  Triangular  Thin  Shell:  6  Node 

Number  of  Assembled  Nodes  -  (Col.  35) 

This  entry  is  not  used  in  the  present  MAGIC 
System.  Therefore,  an  entry  should  not  be  made  in 
this  location. 

Node  Points  -  (Cols.  36-71) 

These  locations  are  reserved  for  the  node  points 
which  describe  the  element  in  question.  The  User 
should  note  that  three  column  fields  are  set  aside 
for  each  node  point.  There  are  12  locations  set 
aside  for  node  points.  The  last  four  locations 
(9,  10,  11,  and  12)  apply  only  to  the  quadrilateral 
and  triangular  thin  shell  elements.  Their  use  will 
be  fully  described  in  the  section  which  pertains  to 
the  quadrilateral  and  triangular  thin  shell  elements. 

REMEMBER: 

The  total  Number  of  Elements  must  be  called  out 
on  the  System  Control  Information  Data  Form  (Figure 
II-3). 
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FIGURE  11-13  ELEMENT  CONTROL  DATA  FORM 
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Element  Input  Section  -  (Figure  II-14) 


A  labeled  input  data  form  is  provided  for  the  Element 
Input  Section.  This  form  is  used  for  elements  which  require 
Element  Input:  (Column  29  of  the  Element  Control  Data 
Section). 

The  first  entry  on  the  form  is  prelabeled  EXTERN  and 
requires  no  information  from  the  User.  The  second  entry  on 
the  input  data  form  is  the  MODAL  entry  which  allows  the  User 
to  input  element  input  which  the  program  assumes  to  apply  to 
every  element  unless  otherwise  indicated  in  the  Element 
Number  entries  which  follow  the  MODAL  card.  It  can  be  seen 
from  the  input  data  form  that  the  Element  Input  is  labeled 
A,  B,  C,  D,  E,  F  with  each  item  contained  in  a  ten  column 
field.  These  are  the  locations  where  the  element  input  is 
entered,  if  the  element  being  used  requires  element  input. 
The  entries  made  in  locations  A  through  F  are  entered  as 
floating  point  numbers.  The  values  which  are  entered  in 
these  locations  are  functions  of  the  type  of  element  being 
employed  in  the  analysis.  This  input,  therefore,  is  element 
related  and  will  be  explained  in  detail  for  each  element  in 
the  following  sections. 

The  third  and  following  entries  in  the  section  contain 
information  pertaining  to  the  Element  Numbers,  Repeat  Option 
and  Element  Input,  i.e.: 

Element  Number  -  (Cols,  7-11) 

(1)  Element  numbers  are  entered  as  fixed  point 
numbers. 

(2)  Element  numbers  must  be  entered  consistent 
with  the  order  in  which  they  were  entered 
in  the  Element  Control  Data  Section. 
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Repeat  -  (Col.  12) 


The  repeat  option  provides  the  User  with  the 
opportunity  to  repeat  Element  Input  from  element 
to  element.  This  is  accomplished  in  the  follow¬ 
ing  manner.  If  the  element  input  for  a  number  of 
elements  is  identical,  the  User  enters  the  element 
number  and  associated  element  input  for  the  first 
element.  For  the  following  elements  having  the 
same  element  input,  only  the  Element  Number  (Col. 
7-11)  and  an  'X'  in  the  Repeat  column  need  be 
entered. 


REMEMBER: 

(1)  For  a  problem  with  identical  Element  Input 
for  every  element  only  the  MODAL  entry  is 
required. 

(2)  The  repeat  option  can  be  used  effectively 
for  sets  of  elements  that  have  the  same 
Element  Input. 

(3)  The  type  of  element  input  required  for  an 
element  is  a  function  of  element  type. 

This  element  input  will  be  completely 
described  in  the  following  sections. 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


FIGURE  II-14  ELEMENT  INPUT  DATA  FORM 


FIGURE  II -14  CONCLUDED 


16 .  Element  Input  Description 

a.  Frame  Element  (Ident.  No.  11) 

The  frame  discrete  element  is  suitable  for  idealiza¬ 
tion  of  all  structures  which  are  adequately  characterized  by 
"beam  theory  The  frame  element  representation  is  developed 
in  detail  in  Reference  4,  and  is  shown  in  Figure  11-15. 

Geometric  specification  of  the  straight  slender  pris¬ 
matic  frame  element  is  given,  in  part,  by  the  end  point  co¬ 
ordinates.  A  third  coordinate  point  in  the  element  X  -Y 
positive  quadrant  is  required  to  specify  twist  g  g 

orientation. 

The  cross-section  of  the  frame  element  is  assumed 
doubly  symmetric  with  respect  to  element  geometric  axes.  It 
is  characterized  by  moments  of  inertia  about  the  three  element 
axes  together  with  the  cross-sectional  area. 

A  linear  Hooke's  Law  is  assumed  to  govern  material 
behavior.  Temperature  referenced  mechanical  and  physical 
material  properties  are  selected  from  the  material  library. 

The  frame  element  representation  includes  membrane, 
torsion,  and  flexure  actions.  These  contributions  are 
uncoupled  in  consequence  of  the  zero  curvature  and  cross- 
section  symmetry  assumptions. 

Deformation  behavior  of  the  basic  frame  element  is 
described  by  the  twelve  displacement  degrees  of  freedom 
associated  with  the  two  grid  points  which  it  connects. 
Description  of  stress  behavior  is  accepted  as  the  definition 
of  the  twelve  forces  acting  at  the  two  grid  point  connections. 

The  following  element  matrices  are  provided  for 
the  frame  Element  in  the  MAGIC  System. 

Stiffness 

Stress 

Distributed  Loading 
Axial  Thermal  Load 
Incremental  Stiffness 
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Referring  to  Figure  II- 15,  it  is  seen  that  the  Frame 
Element  is  defined  by  three  node  points  and  that  the  third 
point  determines  the  Xg-Yg  plane  of  the  element.  This  fact 

is  important  if  distributed  loading  is  present  in  an  analysis. 
The  frame  element  is  provided  with  a  linearly  varying  pressure 
load.  Provision  is  made  for  loading  in  both  the  element  Y 

and  directions.  The  Grid  Point  Pressure  Data  Form  g 

g 

(Figure  II-6)  is  provided  for  these  pressure  loadings  if  they 
exist.  On  that  form  provision  is  made  for  three  possible 
input  pressures  per  grid  point,  Pp  Pg,  and  P^. 

For  the  Frame  Element,  pressure  (distributed  Loading) 
values  acting  in  the  element  Yg  direction  correspond  to  pres¬ 
sures  designated,  P1  on  the  Grid  Point  Pressure  Data  Form. 

These  pressure  values  are  input  in  Columns  13-22.  Pressures 
acting  in  the  element  Zg  direction  correspond  to  pressure 

designated,  Pg  on  the  Grid  Point  Pressure  Data  Form.  These 

pressures  are  input  in  columns  23-32.  Pressures  are  defined 
as  positive  if  acting  in  the  direction  of  positive  element  Y 
or  Z  directions.  s 

o 

An  axial  thermal  load  vector  is  also  provided  for 
the  Frame  Element.  It  is  based  on  the  assumption  of  a  uniform 
temperature  over  the  length  of  the  element.  The  latter  being 
the  average  of  the  two  grid  point  temperatures.  The  Grid 
Point  Temperature  Data  Form  (Figure  II-7)  Is  provided  for 
these  temperature  values  if  they  exist.  In  that  section  pro¬ 
vision  is  made  for  three  possible  input  temperatures,  T, , 

Tg,  and  T^ 

For  the  Frame  Element,  the  node  point  temperatures 
correspond  to  the  temperature  designated  T^  on  the  Grid  Point 

Temperature  Data  Form.  These  temperature  values  are  input 
in  Columns  13-22  of  that  form. 

The  Element  Control  Data  which  is  required  for  the 
Frame  Element  is  as  follows.  (See  Figure  11-13) 

Element  Number  -  (Cols.  7-10) 

Refer  to  Element  Control  Section. 

Plug  Number  -  (Cols.  11-12) 


The  Frame  Element  is  identified  as  Number  11. 
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Material  Number  -  (Cols.  13-18) 

Refer  to  Element  Control  Section 
Temperature  Interpolate  Option-(Col.  19) 

If  the  User  exercises  this  option,  the  program 
will  average  the  node  point  temperatures  of  the 
element,  and  use  this  temperature  when  establishing 
material  properties  from  the  material  tape.  The 
Frame  Element  is  defined  by  three  node  points  as 
explained  previously  with  the  third  node  point 
establishing  the  twist  orientation  of  the  element. 
Because  of  this  only  the  first  two  node  points 
will  participate  in  the  temperature  averaging 
process  in  general.  Therefore  a  '2'  is  usually 
entered  for  the  Frame  Element  in  this  column  when 
the  Interpolate  Option  is  being  exercised. 

Material  Temperature  -  (Cols.  20-27) 

Refer  to  Element  Control  Section. 

Repeat  Element  Matrices  -  (Col.  28) 

Refer  to  Element  Control  Section. 

Element  Input  -  (Col.  29) 

The  Frame  Element  always  requires  Element 
Input  therefore  an  'X'  is  always  placed  in  Column 
29  when  a  Frame  Element  is  being  employed. 

The  following  element  input  is  required  when 
using  the  Frame  Element.  (Refer  to  the  Element 
Input  Section  and  the  Sample  Element  Input  Data 
Form,  Figure  II-14).  From  the  form,  it  is  seen 
that  the  Element  Input  Locations  are  labeled 
A,  B,  C,  D,  E,  F  with  each  item  contained  in  a 
ten  column  field. 

The  Element  Input  for  the  Frame  Element 
consists  of  the  following  information. 

Location  A  -  (Cols.  13-22) 


Cross-Section  Area,  (A) 
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Location  B  -  (Cols.  23-32) 

Area  Moment  of  Inertia.  I  „  which  is  defined 

’  zz 

in  the  following  manner:  (See  Figure  11-15) 

hz  -  /a  dA 

Location  C  -  (Cols.  33-^2) 

Area  moment  of  inertia,  I  ,  which  is  defined 

yy 

in  the  following  manner:  (See  Figure  11-15) 

Jyy  =  I  z2<iA 

Location  D  -  (Cols.  43-52) 

Torsional  Moment  of  Inertia,  J,  which  for  a 
circular  cross-section  is  equal  to: 

J  =  I  +  I 

zz  yy 

and  for  a  rectangular  cross-section. 

T 

b  For  a>b 

1 

can  be  approximated  by: 

J  =  ab3  |  1/3  -  0.21  b/a  [l  -  (1/12) (bVa4)] 

For  a  >  b 
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Location  E  -  (Cols.  53-62) 


Eccentricity,  ECC  -  An  eccentric  connection  of 
a  finite  element  to  adjacent  elements  is  effec¬ 
ted  by  a  special  type  of  matrix  transformation. 
Eccentricity  of  an  element  is  specified  through 
the  element  data  and  measured  with  respect  to 
the  element  geometric  axis. 


The  eccentricity  is  defined  as  the  distance 
from  the  neutral  axis  of  the  eccentrically 
placed  frame  element  the  connection  line. 
The  eccentricity  is  taken  to  be  positive  when 
the  direction  specified  from  the  eccentric 
element  to  the  connection  line  is  in  the 
positive  local  Y  direction.  (Figure  11-15) 

It  should  be  noted  by  the  User  that  if  Eccen¬ 
tric  Connections  are  not  pertinent  in  an 
analysis  then  this  entry  is  ignored  by  the 
User.  It  should  also  be  noted  that  the  Frame 
Element  degenerates  into  an  Axial  Force  Member 
if  the  only  entry  made  in  the  Element  Input 
Section  is  Location  A.  (Cross-Section  Area). 


Returning  to  the  Element  Control  Data  Section, 
the  list  of  data  items  continues  as  follows; 


Interpolated  Input  Print  -  (Col,  30) 
Element  Matrix  Print  -  (Col,  31) 

Full  Print  -  (Col.  32) 


Refer  to 
Element  Con¬ 
trol  Section 


Number  of  Input  Nodes  -  (Col,  33-3^) 


The  Frame  Element  is  always  defined  by  3  input 
nodes. 


Number  of  Assembled  Nodes  -  (Col.  35) 

Not  applicable. 

Node  Points  -  (Col.  36-71) 

The  three  node  points  which  define  each  Frame 
Element  are  entered  in  these  locations. 
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b.  Quadrilateral  Shear  Panel  (Ident.  No.  25) 

The  quadrilateral  shear  panel  is  appropriate 
for  representation  of  thin  membranes.  In  order  to  transmit 
direct  forces  it  must  be  used  in  combination  with  a  truss 
specialization  of  the  frame  element.  The  shear  panel  element 
representation  is  developed  in  detail  in  Reference  5,  and  is 
shown  in  Figure  II-l6.  The  general  quadrilateral  shape  of 
the  shear  panel  is  defined  by  the  coordinates  of  the  four 
corner  points.  Geometric  definition  is  completed  by  speci¬ 
fication  of  an  effective  uniform  thickness. 

A  pure  shear  stress  state  is  assumed.  Stiffness 
coefficients  are  generated  for  corner  point  displacements 
under  this  pure  shear  assumption. 

A  deformation  behavior  of  the  shear  panel 
discrete  element  is  described  by  the  eight  corner  point 
displacement  degrees  of  freedom  associated  with  the  four 
grid  points  which  it  connects.  Description  of  stress 
behavior  is  accepted  as  the  constant  shear  stress  value. 

The  following  element  matrices  are  provided  for 
the  quadrilateral  shear  panel  in  the  MAGIC  System. 

Stiffness 

Stress 

The  Element  Control  Data  which  is  required  for 
the  Quadrilateral  Shear  Panel  is  as  follows.  (See  Figure 
11-13) 


Element  Number  -  (Cols.  7-10) 

Refer  to  Element  Control  Section 

Plug  Number  -  (Cols.  11-12) 

The  Quadrilateral  Shear  Panel  is  identified 
as  Number  25. 

Material  Number  -  (Cols.  13-18) 


Refer  to  Element  Control  Section 
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Temperature  Interpolate  Option  -  (Col.  19) 


The  Quadrilateral  Shear  Panel  is  designated 
by  k  node  points.  If  the  User  desires  to  exer¬ 
cise  the  Temperature  Interpolate  Option,  and 
average  all  four  (^)  of  the  node  point  tempera¬ 
tures,  an  entry  is  not  made  in  Column  19.  If  the 
User  only  wants  to  use  the  first  n  node  points  in 
the  averaging  process  (n<*J)  then  this  number,  n, 
is  entered  and  the  program  will  take  the  first 
n  node  points  entered  in  Columns  36-71  and  use 
these  in  the  averaging  process,  when  determining 
material  properties.  If  the  User  desires  to 
enter  a  Material  Temperature  in  Columns  20-27 
then  a  1 1 '  is  entered  in  Column  19  which  tells 
the  program  to  use  this  Material  Temperature  when 
establishing  material  properties  from  the  tape. 

Material  Temperature  -  (Cols.  20-27)  )  Refer  to 

V  Element 

Repeat  Element  Matrices  -  (Col.  28)  j  Control 

/  Section 

Element  Input  -  (Col.  29) 

Hie  Quadrilateral  Shear  Panel  always  requires 
Element  Input.  Therefore,  an  'X'  is  always 
placed  in  Column  29  when  a  Quadrilateral  Shear 
Panel  is  being  employed. 

The  Element  Input  (Figure  21-1*0  required 
for  the  Quadrilateral  Shear  Panel  consists  of 
the  following  information: 

Location  A  -  (Cols.  13-22) 

Thickness,  (t) 

'flie  above  is  the  only  Element  Input  which  is 
required  for  the  Shear  Panel. 

Returning  to  the  Element  Control  Data  Section, 
the  list  of  data  items  continues  as  follows: 

Interpolated  Input  Print  -  (Col.  30) 

Refer  to  Element  Control  Section 
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Element  Matrix  Print  -  (Col.  31) 
Full  Print  -  (Col.  32) 


\ 


Refer  to 
Element 
Control 
Section 


Number  of  Input  Nodes  (Cols.  33-3*0 

Hie  Quadrilateral  Shear  Panel  is  always 
defined  by  4  input  nodes. 

Number  of  Assembled  Nodes  -  (Col.  35) 

Not  applicable. 

Node  Points  -  (Cols.  36-71) 

The  four  node  points  which  define  each 
quadrilateral  Shear  Panel  are  entered  in  the 
first  four  entries  provided  in  the  Node  Point 
Section  of  the  Element  Control  Data  Form. 
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c.  Triangular  Cross  -  Section  Ring  (Ident.  No.  40) 

The  triangular  cross-section  ring  discrete 
element,  shown  in  Figure  11-17,  is  suitable  for  Idealization 
of  axisymmetric  thick  walled  structures  of  arbitrary  profile. 
A  detailed  development  of  the  element  representation  is 
presented  in  Reference  6. 

The  ring  element  representation  is  written  with 
respect  to  cylindrical  coordinate  axes.  The  configuration  of 
the  element  is  completely  defined  by  specifying  radial  and 
axial  coordinates  of  the  corner  points. 

Cylindrical  anisotropy  is  provided  for  in  the 
mechanical  and  physical  material  properties  of  the  ring 
element.  Orientation  of  orthotropic  axes  in  the  (r,  z)  plane 
is  data  specified. 

The  element  designation  "ring"  implies  an  axi¬ 
symmetric  geometric  configuration.  It  has  been  further 
tacitly  assumed  that  the  applied  loading  is  axisymmetric; 
it  follows,  as  a  consequence,  that  the  displacement  behavior 
is  also. 


A  three  dimensional  axisymmetric  stress  state 
is  assumed.  Linear  Polynomial  functions  are  employed  for 
displacement  mode  shapes  leading  to  constant  element  strain 
and  stress  states. 

Element  field  loads  are  assumed  constant  over 
the  cross-section.  A  linearly  varying  boundary  pressure  is 
included. 


Deformation  behavior  of  the  ring  element  is 
described  by  the  six  displacement  degrees  of  freedom  asso¬ 
ciated  with  the  three  grid  points  which  it  connects.  The 
predicted  element  stress  behavior  is  constant  over  the  trian¬ 
gular  cross-section.  Radial,  circumferential,  and  social 
stresses  are  predicted. 

The  Triangular  Ring  is  numbered  in  the  following 
manner.  Referring  to  Figure  11-17,  the  element  is  numbered 
in  a  counter-clockwise  manner  when  looking  in  the  positive 
element  Y  (0)  direction. 
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The  Triangular  Cross-Section  Ring  Element  is 
provided  with  a  linearly  varying  pressure  load.  The  pressure 
is  defined  as  positive  when  acting  into  the  element  (Figure 
11-17).  Provision  is  made  for  pressure  loading  on  only  one 
side  of  the  element.  This  side  of  the  element  is  always 
defined  by  the  first  two  node  point  numbers  which  are  called 
out  in  the  Node  Point  locations  of  the  Element  Input  Section. 

The  Grid  Point  Pressure  Data  Form  (Figure  II-6) 
is  provided  for  entering  these  pressure  loadings  if  they 
exist.  For  the  Triangular  Ring  Element,  the  input  pressures 
correspond  to  pressures  designated,  P,  on  the  Grid  Point 
Pressure  Data  Form.  These  pressure  values  are  input  in 
Columns  13-22  of  that  Form. 

A  constant  pre strain  load  vector  is  included  in 
this  element  representation  to  accommodate  thermal  loading. 

The  Grid  Point  Temperature  Data  Form  (Figure  II-7)  is  pro¬ 
vided  to  input  node  point  temperatures  if  thermal  loading  is 
present.  For  the  Triangular  Ring  Element,  the  node  point 
temperatures  correspond  to  the  temperature  designated  T^  on 
the  Grid  Point  Temperature  Data  Form.  These  temperature 
values  are  input  in  Columns  13-22  of  that  Form. 

The  Element  Control  Data  which  is  required  for 
the  Triangular  Ring  Element  is  as  follows:  (See  Figure  11-13). 

Element  Number  -  (Cols,  7-10) 

Refer  to  Element  Control  Section 

Plug  Number  -  (Cols.  11-12) 

The  Triangular  Cross-Section  Ring  Element 
is  identified  as  Number  40. 

Material  Number  -  (Cols.  13-18) 

Refer  to  Element  Control  Section 

Temperature  Interpolate  Option  -  (Col,  19) 

The  Triangular  Ring  Element  is  designated 
by  3  node  points.  If  the  User  desires  to 
exercise  the  Temperature  Interpolate  Option 
and  average  all  three  (3)  of  the  node  point 
temperatures,  an  entry  is  not  made  in  Column  19. 

If  the  User  desires  to  enter  a  material  tempera¬ 
ture  in  Cols.  20-27,  a  '1'  is  entered  in 
Column  19. 
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Material  Temperature  -  (Cols.  20-27) 

Refer  to  Element  Control  Section 

Repeat  Element  Matrices  -  (Col.  28) 

Refer  to  Element  Control  Section 

Element  Input  -  (Col.  29) 

The  Triangular  Cross-Section  Ring  Element 
only  requires  Element  Input  under  certain 
special  conditions  as  follows:  Referring  to 
Figure  11-17,  it  is  seen  that  there  is  a 
possibility  that  in  some  cases  the  material 
axis,  and  element  geometric  axis  of  the  element 
will  not  coincide.  If  this  is  the  case  the 
Element  Input  (Figure  II-14)  required  for  the 
Triangular  Cross-Section  Ring  consists  of  the 
following. 

Location  A  -  (Cols.  13-P^) 

Material  Axes  Angle  (Gamma  -  X  ) 

Since  the  Triangular  Cross-Section  Ring 
Element  is  written  to  accommodate  anisotropy 
of  mechanical  and  physical  properties,  pro¬ 
vision  is  made  in  the  program  for  differences 
in  orientation  of  material  and  element  geo¬ 
metric  axes  for  an  element.  The  User  inputs 
the  angle  between  the  element  material  axis 
(Xm)  and  the  element  geometric  axis  (Xg). 

The  angle  gamma  is  input  in 

degrees  and  is  considered  positive  when 

measured  from  the  material  axes  to  the 
element  geometric  axes,  in  a  counter-clock¬ 
wise  direction  (Figure  11-17). 

Remembe  r 

Element  Input  is  not  required  for  the 
Triangular  Ring  if  the  material  and  geometric 

axes  coincide,  i.e.,  „  =  0. 

7  mg 
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Returning  to  the  Element  Control  Data  Section, 
the  list  of  data  items  continues  as  follows: 


Interpolated  Input  Print  -  (Col.  30) 
Element  Matrix  Print  -  (Col.  31 ) 

Pull  Print  (Col.  32) 

i 

Number  of  Input  Nodes  (Cols.  33-3*0 


Refer  to 
Element 
Control 
Section 


The  Triangular  Cross-Section  Ring  Element 
is  always  defined  by  3  input  nodes. 


Number  of  Assembled  Nodes  -  (Col.  35) 


Not  applicable. 

Node  Points  -  (Cols.  36-71) 

The  three  node  points  which  define  each 
Triangular  Ring  are  entered  in  the  first  three 
entries  provided  in  the  Node  Point  Section  of 
the  Element  Control  Data  Form. 
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d.  Toroidal  Thin  Shell  Ring  (Ident.  No.  30) 


The  toroidal  thin  shell  element  is  recommended 
for  the  idealization  of  axisymmetric  structures  of  arbitrary 
profile.  Performance  of  the  toroidal  ring  element  is  out¬ 
standing  relative  to  the  well  known  conic  ring.  The  toroidal 
thin  shell  ring  element  representation  is  developed  in  detail 
in  Reference  7,  and  is  shown  in  Figure  II-18.  The  toroidal 
thin  shell  ring  discrete  element  is  written  with  respect  to 
a  toroidal  coordinate  system.  In  general,  the  cross-section 
of  the  toroidal  segment  is  circular.  Specialization  to  conic 
and  cylindrical  shapes  is  automatically  accounted  for  in  the 
MAGIC  System.  The  geometric  shape  of  the  element  is  specified 
by  the  coordinates  and  surface  orientation  at  its  edge  grid 
rings.  The  thickness  of  the  element  is  assumed  constant. 

The  subject  element  is  written  to  accommodate 
orthotropic  materials.  Axes  of  orthotropy  are  assumed  to 
coincide  with  the  principal  axes  of  the  element.  Material 
properties  are  taken  to  be  constant  throughout  the  element. 

The  temperature  of  reference  is  the  average  of  the  data  speci¬ 
fied  element  node  point  temperatures. 

The  mathematical  model  for  the  toroidal  ring 
embodies  coupled  representation  of  membrane  and  flexure 
action.  A  state  of  plane  stress  is  assumed  in  formulating 
the  continuum  mechanics  model.  Discretization  is  effected 
by  the  construction  of  assumed  modes  for  displacement  and 
applied  loading  functions. 

An  osculatory  axisymmetric  polynomial  interpola¬ 
tion  is  taken  to  represent  membrane  displacement  within  the 
element.  Transverse  displacement  is  represented  by  a  hyper- 
osculatory  interpolation  function.  Applied  loadings  are 
assumed  to  be  constant  over  the  element. 

Deformation  behavior  of  the  toroidal  ring  element 
is  described  by  the  ten  displacement  degrees  of  freedom 
associated  with  the  two  grid  rings  which  it  connects.  These 
degrees  of  freedom  provide  for  a  relatively  high  order  of 
variation  within  the  element.  In  virtue  of  this,  stress 
resultants  are  exhibited  at  the  two  boundary  rings  and  at 
the  midspan  of  the  element.  The  toroidal  axes  provide  the 
frame  of  reference. 
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The  following  element  matrices  are  provided 
for  the  Toroidal  Thin  Shell  Ring  in  the  MAGIC  System. 

Stiffness 

Stress 

Distributed  Loading  (Pressure) 

Thermal  Loading 

The  Toroidal  Ring  Element  is  provided  with  a 
linearly  varying  pressure  load. 

Provision  is  made  for  pressure  acting  normal  to 
the  element.  The  Grid  Point  Pressure  Data  Form  (Figure  II-6) 
is  provided  to  accept  pressure  loadings  if  they  exist.  On 
that  Form  provision  is  made  for  three  possible  input  pres¬ 
sures  per  grid  point,  P^,  Pg,  and  P^. 

For  the  Toroidal  Ring  Element,  pressure  values 
correspond  to  pressures  designated  P,  on  the  Grid  Point 
Pressure  Data  Form.  These  pressure  values  are  input  in 
Columns  13-22.  Pressures  are  defined  as  positive  if  acting 
in  the  positive  local  element  Z  direction  (see  Figure  II-lo). 

A  membrane  thermal  load  matrix  is  also  provided 
for  the  Toroidal  Ring  Element.  The  Grid  Point  Temperature 
Data  Form  (Figure  II-7)  is  provided  for  the  temperature  values 
if  they  exist.  In  that  section  provision  is  made  for  three 
possible  input  temperatures,  T^,  Tg,  and  T^. 

For  the  Toroidal  Ring  Element,  the  node  point 
temperatures  correspond  to  the  temperatures  designated  T, 
and  Tg  on  the  Grid  Point  Temperature  Data  Form.  For 
each  gridpoint,  the  temperature  designated  as  T^  corresponds 

to  the  inner  temperature  at  node  point  (1)  and  is  input  in 
columns  13-22.  The  temperature  designated  as  T2  corresponds 

to  the  outer  temperature  at  node  point  (1)  and  is  input  in 
columns  23-32  of  the  Grid  Point  Temperature  Data  Form.  The 
program  then  averages  the  inner  and  outer  temperatures  given 
for  each  node  point  and  uses  this  temperature  as  the 
representative  node  point  temperature. 

The  input  procedure  for  the  Boundary  Condition 
Section  when  using  the  Toroidal  Ring  merits  special  comment 
at  this  time.  Figure  11-19  shows  a  typical  Boundary  Condition 
Input  Form.  For  the  Toroidal  Ring  Element,  the  Boundary  Con¬ 
dition  Input  requires  three  extra  fields  giving  a  total  of 
nine  (9).  It  is  important  to  note,  however,  that  only  five 
(5)  of  these  degrees  of  freedom  exist  as  shown  in  the  figure. 
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The  first  six  degrees  of  freedom  may  be 
considered  as  the  degrees  of  freedom  which  are  considered 
in  the  normal  manner.  These  six  degrees  of  freedom  may  be 
based  on  Global  coordinates  or  on  element  system  coordinates. 
In  the  element  system,  X(0  is  tangential  and  positive  in 
the  direction  from  element  point  (1)  to  element  point  (2) 
and  Z  is  normal  to  the  element,  with  positive  Z  being  defined 
as  though  the  Global  system  were  rotated  about  the  Y(0)  axis 
so  as  to  align  with  the  element  X(5)  axis  (see  Figure 
II-18).  In  order  to  invoke  the  element  axis  option  for  the 
Toroidal  Ring,  a  special  code  is  employed  which  is  described 
subsequently . 


The  remaining  degrees  of  freedom  (w*  and  w") 
are  always  referenced  to  the  element  system.  Physically  w' 
is  difficult  to  define  but  can  be  thought  of  as  the  rate  of 
change  of  arc  length  (at  symmetric  boundaries,  w’  =  0, 
otherwise  w*  =1;)  w"  is  the  curvature  defined  in  the 
element  system  at  the  point  in  question.  Restraint  (w"  *  0), 
implies  that  the  curvature  is  zero.  No  restraint  (w"  =  1) 
implies  that  the  curvature  is  permitted  to  change.  In 
general,  it  is  recommended  that  w"  =  1  except  at  symmetric 
or  rigidly  fixed  boundaries  where  w"  *  0. 

The  Element  Control  Data  which  is  required  for 
the  Toroidal  Thin  Shell  Ring  Element  is  as  follows  (see 
Figure  11-13). 

Element  Number  -  (Cols.  7-10) 


Refer  to  Element  Control  Section 

Plug  Number  -  (Cols.  11-12) 

The  Toroidal  Ring  is  identified  as 
Number  30. 

Material  Number  -  (Cols.  13-18) 


Refer  to  Element  Control  Section 
Temperature  Interpolate  Option  -  (Col.  19) 

The  Toroidal  Ring  is  designated  by  2  node 
points.  If  the  User  desires  to  exercise  the 
Temperature  Interpolate  Option  a  '1*  is 
entered  in  Column  19. 
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Material  Temperature  -  (Cols.  20-27) 
Refer  to  Element  Control  Section 
Repeat  Element  Matrices  -  (Col.  28) 
Refer  to  Element  Control  Section 
Element  Input  -  (Col.  29) 


The  Toroidal  Ring  Element  always  requires 
Element  Input,  therefore  an  ‘X*  is  always 
placed  in  column  29  when  a  Toroidal  Ring 
Element  is  being  employed. 

The  following  Element  Input  is  required 
when  using  the  Toroidal  Ring  Element  (refer 
to  Element  Input  Section).  Prom  the  pre¬ 
labeled  input  data  form  it  is  seen  that  the 
Element  Input  locations  are  labeled  A,  B,  C, 

D,  E,  F  with  each  item  contained  in  a  ten 
column  field. 

The  Element  Input  for  the  Toroidal  Ring 
consists  of  the  following  information. 

Location  A  -  (Cols.  13-22) 

Element  Thickness  (t) 

Location  B  -  (Cols.  23-32) 

TC0  -  This  is  a  control  input  which  changes 
the  axis  of  reference  from  Global 
to  element. 

(a)  Global  -  (TC0  =  0.0) 

If  the  User  desires  to  have  the  dis¬ 
placement  behavior  referenced  to  the 
Global  system  of  reference,  then  the 
code  0.0  is  entered  in  this  location. 
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(b)  Element  -  (TC0  ---  -1.0) 

If  the  User  desires  to  have  the  dis¬ 
placement  behavior  referenced  to  the 
element  system  (normal  and  tangential 
at  point  in  question)  then  the  code 
-1.0  is  entered  in  this  location.  If 
the  code  -1.0  is  used,  then  External 
Loads  (if  any  exist)  must  be  entered 
in  the  element  system  of  reference. 
Provision  is  made  for  these  External 
Loads  on  the  External  Grid  Point  Loads 
Data  Form  (Figure  11-12). 

It  is  important  to  note  that  all  elements 
must  be  referenced  to  the  same  system,  i.e.,  in 
any  analysis  which  involves  Toroidal  Rings  either 
the  Global  or  element  system  must  be  used  exclu¬ 
sively,  as  a  frame  of  reference.  There  can  be 
no  mixing  of  the  systems. 

Location  C  -  (Cols.  33-^2) 

Alpha  1  -  (o^)  -  Referring  to  the  sketch, 

o<  is  defined  as  the  angle  measured  in 
degrees  from  the  axis  of  symmetry'  to  a  line 
which  is  perpendicular  to  the  tangent  to 
the  surface  at  node  point  ©  . 
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Location  D  -  (Cols.  43-52) 

Alpha  2  -  (o<2)  -  Referring  to  the  sketch/ 

0(g  is  defined  as  the  angle  measured  in 

degrees  from  the  axis  of  symmetry  to  a 
line  which  is  perpendicular  to  the  tangent 
to  the  surface  at  node  point  ©  . 

Note  that  for  Conic  Ring  idealizations, 

^2 

The  above  is  the  required  Element  Input 
for  the  Toroidal  Ring. 

Returning  to  the  Element  Control  Data 
list  of  data  items  continues  as  follows: 

Interpolated  Input  Print  -  (Col.  30) 

Element  Matrix  Print  -  (Col.  31) 

Full  Print  -  (Col.  32) 

Number  of  Input  Nodes  -  (Cols.  33-34) 

The  Toroidal  Thin  Shell  Element  is  always 
defined  by  2  node  points. 

Number  of  Assembled  Nodes  -  (Col.  35) 


Section,  the 


1  Refer  to 
Element 
Control 
Section 


Not  applicable. 

Node  Points  -  (Cols.  36-71) 

The  two  node  points  which  define  each 
Toroidal  Thin  Shell  Ring  Element  are  entered 
in  these  locations. 
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BOUNDARY  CONDITIONS 


INPUT  CODE  -  0  -  No  Displacement  Allowed 

1  -  Unknown  Displacement 

2  •  Known  Displacement 
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Figure  11-19  BOUNDARY  CONDITION  INPUT  FOR  TOROIDAL  RING 
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e.  Quadrilateral  Thin  Shell  (Ident.  No.  21) 


The  quadrilateral  thin  shell  element  is  recom¬ 
mended  for  use  as  the  basic  building  block  for  membranes, 
plates,  and  shells.  The  triangular  thin  shell  element  is  a 
compatible  companion  element  useful  in  regions  of  irregular¬ 
ity  and  prominent  double  curvature.  The  quadrilateral  thin 
shell  element  representation  is  developed  in  detail  in 
Reference  8,  and  is  shown  in  Figure  11-20. 

The  shape  of  the  general  quadrilateral  element 
is  defined  by  the  coordinates  of  the  four  corner  points.  It 
is  a  zero  curvature  element.  The  plane  of  the  element  is 
determined  by  its  first  three  corner  point  coordinates. 

The  subject  element  is  a  thin  shell  element  in 
that  both  membrane  and  flexure  action  are  represented. 
Referenced  to  axes  in  the  plane  of  the  element,  the  membrane 
and  flexure  representations  are  uncoupled.  Optional  genera¬ 
tion  of  either  or  both  of  the  representations  is  controlled 
by  the  provision  of  associated  effective  thicknesses.  The 
distinct  membrane  and  flexure  effective  thicknesses  are 
assumed  constant  over  the  plane  of  the  element. 

Under  normal  circumstances,  four  corner  points 
and  four  midside  points  participate  in  establishing  continu¬ 
ous  connection  of  the  quadrilateral  thin  shell  element  with 
adjacent  elements.  Used  in  this  way  input  data  volume  is 
reduced  and  accuracy  is  enhanced.  An  option  is  provided  to 
suppress  the  midside  nodes  individually  if  associated  com¬ 
plexities  arise  in  grid  refinement  or  nonstandard  connections 
with  adjacent  elements.  Invoking  this  suppression  option 
causes  linear  variation  to  be  imposed  on  the  specified 
midside  variables. 

The  quadrilateral  thin  shell  element,  is 
written  to  accommodate  anisotropy  of  mechanical  and  physical 
material  properties.  Orientation  of  material  axes  is  data 
specified.  Temperature  referenced  material  properties, 
selected  from  the  materials  library,  are  assumed  constant 
over  the  element. 

A  linear  generalized  Hooke's  law  is  employed 
for  the  equations  of  state.  Three  options  are  provided; 
namely,  conventional  plane  stress,  corrected  plane  stress, 
and  restricted  plane  strain. 
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The  element  formulation  is  discretized  by  the 
construction  of  mode  shapes.  Membrane  displacements  within 
the  subject  element  are  approximated  by  quadratic  polynomials. 
Transverse  displacement  is  represented  by  cubic  polynomials. 

A  linear  variation  is  provided  for  midplane  and  gradient 
variations  in  thermal  loading.  Other  element  loadings  such 
as  pressure  are  assumed  constant  over  the  element.  Deforma¬ 
tion  behavior  of  the  quadrilateral  thin  shell  element  is 
described  by  the  displacement  degrees  of  freedom  associated 
with  the  gridpoints  which  it  connects. 

The  variation  in  strain  within  the  element  which 
is  permitted  by  the  assumed  displacement  functions  leads  to 
similar  stress  variation.  Advantage  is  taken  of  this  by 
exhibiting  predicted  stress  resultants  at  the  four  corners 
as  well  as  at  the  center  of  the  element.  Inplane  and  normal 
direct,  shear,  and  bending  stress  resultants  are  included. 

The  display  of  stresses  implies  a  set  of  axes  of  reference. 
These  axes  are  data  specified. 

The  following  element  matrices  are  provided  for 
the  Quadrilateral  Thin  Shell  Element  in  the  MAGIC  System. 

Stiffness 

Stress 

Thermal  Load 

Distributed  Loading  (Pressure) 

Referring  to  Figure  11-20,  it  is  seen  that  in 
general  the  Quadrilateral  Thin  Shell  Element  is  defined  by 
eight  node  points.  There  is  an  option  in  the  program,  how¬ 
ever,  which  allows  the  User  to  suppress  the  midside  node 
points  individually  if  desired. 

When  defining  the  element,  the  first  four  node 
points  determine  the  corner  points  of  the  element.  The  mid¬ 
side  nodes  are  then  numbered  with  the  first  entry  being  that 
midside  node  which  falls  between  the  first  two  corner  points. 
Referrring  to  the  figure,  the  element  would  be  numbered  as 
follows: 

1,  2,  3,  4,  5,  6,  7,  8 

If  it  were  desired  to  suppress  mid- side  node  #6,  the  element 
would  be  numbered  in  the  following  manner  (based  on  Figure 
11-20). 


1,  2,  3,  4,  5,  0,  7,  8 
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This  suppression  causes  linear  variation  to 
be  imposed  on  the  specified  midside  variables. 

The  element  geometric  axes  (X  ,  Y  ,  Figure 

6  8 

11-20)  have  their  origin  at  the  intersection  of  the  diagonals 
of  the  quadrilateral  thin  shell  element.  The  positive  direc¬ 
tion  of  the  X  axis  of  the  element  is  defined  by  the  line 

g  v 

which  connects  the  origin  of  the  (X  ,  Y  )  axis  to  node  point© 

8  8 

of  the  element  as  shown  in  the  figure.  The  (X  —  Y  )  plane  of 

the  element  is  determined  by  the  first  three  corner  point 
coordinates.  A  material  axes  (X  ,  Y  )  is  also  provided  for 

this  element.  The  angle  (tf  )  between  the  material  and 

element  geometric  axes  is  considered  positive  when  measured 

in  a  counter-clockwise  direction  from  X  to  X  . 

m  g 

With  respect  to  the  element  geometric  axes,  the 
corner  grid  points  include  the  degrees  of  freedom  u,  v,  w, 
and  0  .  A  reduced  set  of  degrees  of  freedom  is  associated 

with  the  midside  grid  point s;  namely,  u,  v  and  ©n  (normal 

slope).  In  general,  transformation  to  global  or  grid  point 

axes  reference  systems  tends  to  fill  these  sets  of  degrees 

of  freedom  to  u,  v,  w,  0  ,  0  ,  ©  for  the  corner  grid  points 

x  y  z 

and  to  u,  v,  w,  @n,  0,  0  (@n  is  not  transformed)  for  the 

midside  grid  points.  It  is  for  the  Analyst  to  decide,  of 
course,  whether  or  not  these  additional  terms  lead  to  bona- 
fide  degrees  of  freedom  in  the  assembled  structure.  The 
User  should  also  note  that  on  the  Boundary  Condition  Data 
Form  (Figure  11-10).  Whenever  ©n  (enorinai)  Is  being 

considered,  then  the  proper  input  code  (either  0,  1,  or  2) 
is  always  entered  in  the  location  which  is  normally 
reserved  for  the  0  entry  (Column  16). 

A 

The  Grid  Point  Coordinate  Data  Form  (Figure 
II-5)  is  provided  for  input  of  the  coordinates  which  define 
the  elements.  Grid  point  coordinates  for  midside  nodes 
are  not  necessary  input  since  the  program  calculates  these 
coordinates  automatically. 
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The  Quadrilateral  Thin  Shell  Element  is  provided 
with  a  constant  normal  pressure  load.  The  Grid  Point  Pressure 
Data  Form  (Figure  II-6)  is  provided  for  this  pressure  loading 
if  it  exists.  On  that  form  provision  is  made  for  three  pos¬ 
sible  input  pressures  per  grid  point,  P^,  P2,  and  P^. 

For  the  Quadrilateral  Thin  Shell  Element  the 
input  pressures  correspond  to  pressures  designated  P^  on  the 

Grid  Point  Pressure  Data  Form.  These  pressure  values  are 
input  in  Columns  13-22.  The  pressure  is  defined  as  positive 
when  acting  in  the  direction  of  positive  element  Z  direction. 

o 

A  linear  variation  is  provided  for  midplane  and 
gradient  variations  in  thermal  loading.  The  Grid  Point  Tem¬ 
perature  Data  Form  (Figure  II-7)  is  provided  to  input  node 
point  temperatures  and/or  temperature  gradients.  For  the 
Quadrilateral  Thin  Shell  Element,  the  midplane  node  point 
temperatures  correspond  to  the  temperature  designated  T^  on 

the  Grid  Point  Temperature  Data  Form.  These  temperature 
values  are  input  in  Columns  13-22  of  that  Form. 

Provision  for  a  temperature  gradient  through  the 
thickness  of  the  Quadrilateral  Thin  Shell  is  also  provided. 
This  gradient  is  defined  as  positive  when  the  temperature  is 
increasing  through  the  thickness  in  the  positive  element  Z 
direction.  If  temperature  gradients  through  the  thickness6 
are  present,  the  value  of  the  gradient  at  each  grid  point  is 
entered  in  the  location  set  aside  for  the  quantity,  T2  (Cols. 

23-32)  on  the  Grid  Point  Temperature  Data  Form.  The  gradient 
is  entered  in  the  following  manner. 

T  -  at 
12i  '  t 

where 

AT  =  Change  in  temperature  through  the 
thickness  of  the  element 

t  =  Thickness  of  element 

Note  that  the  sign  of  T2  depends  upon  the  direction  of  the 
gradient  as  pointed  out  above. 

The  Element  Control  Data  which  is  required  for 
the  Quadrilateral  Thin  Shell  Element  is  as  follows.  (See 
Figure  11-13). 
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Element  Number  -  (Cols.  7-10) 


Refer  to  Element  Control  Section 
Plug  Number  -  (Col.  11-12) 

The  Quadrilateral  Thin  Shell  Element  Is 
identified  as  Number  21. 

Material  Number  -  (Cols.  13-18) 

Refer  to  Element  Control  Section 
Temperature  Interpolate  Option  -  (Col.  19) 

If  the  User  exercises  this  option  by  not 
making  an  entry  in  Column  19,  the  program  will 
average  the  eight  node  point  temperatures  of  the 
element  and  use  this  average  temperature  when 
establishing  material  properties  from  the  material 
tape.  This  means  that  temperatures  for  all  eight 
node  points  (including  the  mid- side  nodes)  must 
be  entered  on  the  Grid  Point  Temperature  Data  Form 
(Figure  II-7).  If  the  User  wishes  to  employ  a 
specified  number  of  node  points,  n,  in  the 
averaging  process  (n<8)  then  this  number  is 
entered  in  Column  19  and  the  first  n  node  points 
entered  in  Columns  36-71  will  be  used  for  the 
averaging  process.  If  a  * 1  *  is  entered  in  this 
location  the  program  will  use  the  Material  Tempera¬ 
ture  entered  in  Columns  20-27  when  establishing 
material  properties  from  the  material  tape. 

Material  Temperature  -  (Cols.  20-27)  )  Refer  to 

l  Element 

Repeat  Element  Matrices  -  (Col.  28)  [  Control 
— — ”  '  '  Section 

Element  Input  -  (Col.  29) 

The  Quadrilateral  Thin  Shell  Element  always 
requires  Element  Input  therefore  an  'X1  is  always 
placed  in  Column  29  when  a  Quadrilateral  Thin 
Shell  Element  is  being  employed. 

The  following  Element  Input  is  required  when 
using  the  Quadrilateral  Thin  Shell  Element  (Refer 
to  the  Element  Input  Section).  From  the  Element 
Input  Data  Form  it  is  seen  that  the  Element  Input 
Locations  are  labeled  A,  B,  C,  D,  E,  F,  with  each 
item  contained  in  a  ten  column  field. 
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Location  A  -  (Cols,  13-22) 

Membrane  Thickness  (t  )  - 

'  m7 

For  the  Quadrilateral  Thin  Shell  Element, 
both  membrane  and  flexural  action  are  re¬ 
presented.  Optional  generation  of  either 
or  both  representations  is  controlled  by 
the  provision  of  associated  membrane  and 
flexure  thickness.  If  the  User  desires  to 
do  a  membrane  problem,  the  membrane  thick¬ 
ness  is  input.  If  membrane  behavior  is  not 
to  be  considered,  the  associated  membrane 
thickness  is  not  input. 

Location  B  -  (Cols.  23-32) 

Flexural  Thickness  -  (t^.)  - 

If  the  User  desires  to  do  a  flexure  problem, 
the  effective  flexure  thickness  must  be 
entered.  Omission  of  this  thickness  degen¬ 
erates  the  problem  into  one  of  pure  membrane 
behavior.  Since  flexure  and  membrane  behav¬ 
ior  are  uncoupled  both  can  be  run  consecu¬ 
tively  if  desired. 

Location  C  -  (Cols.  33-42) 

Material  Axes  Angle  -  (Gamma)  - 

Since  the  Quadrilateral  Thin  Shell  Element 
is  written  to  accommodate  anisotropy  of 
mechanical  and  physical  properties,  provi¬ 
sion  is  made  in  the  program  for  differences 
in  orientation  of  material  and  element  geo¬ 
metric  axes  for  an  element.  The  User  in¬ 
puts  the  angle  between  the  material  axis 
(iXm)  and  the  element  geometric  axis  (X^) 

with  this  angle  being  measured  in  a  counter¬ 
clockwise  direction  from  the  material  axis 
(X  )  to  the  element  geometric  axis  (X  ). 

o 

This  angle  (tf  )  is  input  in  degrees. 
Location  D  -  (Cols.  43-52) 

Types  of  Solution: 
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(a)  Corrected  Plane  Stress  (Code  0.0)  - 
The  corrected  plane  stress  solution  is 
one  in  which  the  stress  in  the  out  of 
plane  direction  ( <T  )  is  set  equal  to 

zero  but  the  full  material  properties 
matrix  is  used.  That  is,  the  effect  of 
transverse  properties  on  the  in-plane 
stresses  are  included.  Such  effects 
are  negligible  for  most  practical 
materials. 

(b)  Restricted  Plane  Strain  (Code  1.0)  - 
The  restricted  plane  strain  solution  is 
one  in  which  the  strain  in  the  out  of 
plane  direction  (  6  ),  is  set  equal  to 
zero. 


(c)  Conventional  Plane  Stress  (Code  2.0)  - 
The  conventional  plane  stress  solution 
is  one  in  which  the  stress  in  the  out 
of  plane  direction  (0*z)>  is  set  equal 

to  zero  and  the  effect  of  transverse 
properties  on  the  in-plane  stresses 
are  not  included. 

Location  E  -  (Cols,  53-62) 

Eccentricity  (ECC)  - 

The  eccentricity  is  defined  as  the  distance 
measured  from  the  neutral  axis  of  the  ec¬ 
centrically  placed  element  to  the  midplane 
of  the  reference  element.  The  sign  of  the 
eccentricity  is  taken  to  be  positive  when 
the  direction  specified  from  the  eccentric 
element  to  the  reference  element  is  in  the 
positive  local  element  direction. 


The  above  is  the  Element  Input  required  for  the 
Quadrilateral  Thin  Shell  Element.  Returning  to  the  Element 
Control  Data  Section,  the  list  of  data  items  continues  as 
follows: 


Interpolated  Input  Print  -  (Col.  30) 
Element  Matrix  Print  -  (Col,  31) 

Full  Print  -  (Col.  32) 


Refer  to 
Element 
Control 
Section 


Number  of  Input  Nodes  -  (Cols.  33-3*0 


The  Quadrilateral  Thin  Shell  Element  is 
always  defined  by  8  input  nodes. 

Number  of  Assembled  Nodes  -  (Col.  35) 

Not  applicable. 

Node  Points  -  (Cols.  36-71) 

In  general  the  Quadrilateral  Thin  Shell 
Element  is  defined  by  8  node  points.  The  User, 
however,  has  the  option  to  suppress  the  mid¬ 
side  nodes  individually  if  desired.  Referring 
to  Figure  11-13,  it  is  seen  that  12  locations 
are  set  aside  for  node  point  entries.  The 
first  8  locations  are  set  aside  for  the  four 
corner  points  and  four  mid- side  nodes 
respectively. 

Locations  9  and  10  ••  (Cols.  60-65) 


Most  finite  elements  accommodate  ani¬ 
sotropic  materials.  Axes  of  reference  must 
be  specified  for  material  properties.  This 
is  accomplished  through  specification  as 
element  data,  of  coordinate  points  defining 
the  material  axes.  These  axes  are  defined  by 
inputting  the  applicable  set  of  coordinates 
in  these  locations.  These  coordinates  define 
the  X  axis  for  material  property  definition. 
This  device  may  also  be  used  effectively  to 
define  stress  output  direction  and  the  same 
two  points  used  for  the  reference  element  can 
be  used  for  each  following  element  so  that 
the  output  has  a  common  reference. 

Locations  11  and  12-(Cols.  66-71) 

A  specification  of  stress  values  implies 
a  set  of  reference  axes.  The  axes  of  refer¬ 
ence,  are  determined  with  the  provision  of 
an  element  stress  matrix.  Frequently  axes 
of  reference  convenient  for  formulation  are 
not  convenient  for  interpretation  of  stresses. 
The  problem  is  resolved  by  data  specifica¬ 
tion  of  stress  axes.  This  is  accomplished 
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through  specification  as  element  data,  of 
coordinate  points  which  define  the  direction 
of  the  (X)  stress  axis.  With  this  definition 
the  stresses  in  the  other  directions  retain 
their  proper  orientation  with  respect  to  this 
axis. 

The  stress  axis  determination  is  element 
related  and  therefore  if  locations  11  and  12 
are  used  for  stress  directions,  then  each 
element  must  be  considered  separately  and  node 
points  related  to  that  particular  element  are 
used  in  determining  stress  direction. 

REMEMBER: 

(a)  If  all  four  mid-side  nodes  were  suppres¬ 
sed  only  the  first  four  locations  would 
be  needed.  If  mid- side  nodes  are 
suppressed  individually  then  zeros  are 
input  in  the  location  pertaining  to 
that  particular  point. 

(b)  The  stress  axis  determination  is  element 
related  and  therefore  if  locations  11 
and  12  are  used  for  stress  directions, 
then  each  element  must  be  considered 
separately  and  node  points  related  to 
that  particular  element  are  used  in 
determining  stress  direction. 
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f.  Triangular  Thin  Shell  (Ident.  No.  20) 


The  Triangular  thin  shell  element  is  recommended 
for  use  as  the  basic  building  block  for  most  doubly  curved 
shells.  Additionally,  it  is  useful  in  combination  with  the 
quadrilateral  thin  shell  element  for  dealing  with  irregular 
geometries  of  all  membrane,  plate,  and  shell  structures.  The 
triangular  thin  shell  element  representation  is  developed  in 
detail  in  Reference  9>  and  is  shown  in  Figure  11-21. 

The  shape  of  the  general  triangular  element  is 
defined  by  the  coordinates  of  the  three  corner  points.  It 
is  a  zero  curvature  element.  The  plane  of  the  element  is 
determined  by  the  three  cornerpoint  coordinates. 

The  subject  element  is  a  thin  shell  element  in 
that  both  membrane  and  flexure  action  are  represented. 
Referenced  to  axes  in  the  plane  of  the  element,  the  membrane 
and  flexure  representations  are  uncoupled.  Optional  genera¬ 
tion  of  either  or  both  of  the  representations  is  controlled 
by  the  provision  of  associated  effective  thicknesses.  The 
distinct  membrane  and  flexure  effective  thicknesses  are 
assumed  constant  over  the  plane  of  the  element. 

Under  normal  circumstances,  three  corner  points 
and  three  midside  points  participate  in  establishing  contin¬ 
uous  connection  of  the  triangular  thin  shell  element  with 
adjacent  elements.  Used  in  this  way  input  data  volume  is 
reduced  and  accuracy  is  enhanced.  An  option  is  provided  to 
suppress  the  midside  nodes  individually  if  associated  com¬ 
plexities  arise  in  grid  refinement  or  nonstandard  connections 
with  adjacent  elements.  Invoking  this  suppression  option 
causes  linear  variation  to  be  imposed  on  the  specified 
midside  variables. 

The  triangular  thin  shell  element  is  written 
to  accommodate  anisotropy  of  mechanical  and  physical  material 
properties.  Orientation  of  material  axes  is  data  specified. 
Temperature  referenced  material  properties,  selected  from  the 
materials  library,  are  assumed  constant  over  the  element. 

A  linear  generalized  Hooke's  Law  is  employed 
for  the  equations  of  state.  Three  options  are  provided; 
namely,  conventional  plane  stress,  corrected  plane  stress, 
and  restricted  plane  strain. 
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The  element  formulation  is  discretized  by  the 
construction  of  mode  shapes.  Membrane  displacements  within 
the  subject  element  are  approximated  by  quadratic  poly¬ 
nomials.  Transverse  displacement  is  represented  by  cubic 
polynomials.-  A  linear  variation  is  provided  for  midplane 
and  gradient  variations  in  thermal  loading.  Other  element 
loadings  such  as  pressure  are  assumed  constant  over  the 
element. 


Deformation  behavior  of  the  triangular  thin 
shell  element  is  described  by  the  displacement  degrees  of 
freedom  associated  with  the  grid  points  which  it  connects. 

The  variation  in  strain  within  the  element 
which  is  permitted  by  the  assumed  displacement  functions 
leads  to  similar  stress  variation.  Advantage  is  taken  of 
this  by  exhibiting  predicted  stress  resultants  at  the  three 
corners  as  well  as  at  the  center  of  the  element.  Inplane 
and  normal;  direct,  shear,  and  bending  stress  resultants 
are  included.  The  display  of  stresses  implies  a  set  of 
axes  of  reference.  These  axes  are  data  specified. 

The  following  element  matrices  are  provided 
for  the  Triangular  Thin  Shell  Element  in  the  MAGIC  System. 

Stiffness 

Stress 

Thermal  Load 

Distributed  Loading  (Pressure) 

Referring  to  Figure  11-21,  it  is  seen  that  in 
general  the  Triangular  Thin  Shell  Element  is  defined  by  six 
node  points.  There  is  an  option  in  the  program,  however, 
which  allows  the  User  to  suppress  the  midside  node  points 
individually  if  desired. 

When  defining  th^  element,  the  first  three  node 
points  determine  the  corner  points  of  the  element.  The  mid¬ 
side  nodes  are  then  numbered  with  the  first  entry  being  that 
midside  node  which  falls  between  the  first  two  corner  points. 
Referring  to  the  figure,  the  element  would  be  numbered  as 
follows 

1,  2,  3,  4,  5,  6 

If  it  were  desired  to  suppress  mid-side  node  #4,  the  element 
would  be  numbered  in  the  following  manner  (based  on  Figure 
11-21) 
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1,  2,  3,  0,  5.  6 


This  suppression  causes  linear  variation  to 
be  imposed  on  the  specified  midside  variables. 

i 

The  element  geometric  axes  (Xg,  Yg,  Figure 

11-21)  have  their  origin  at  the  intersection  of  the  lines 
which  connect  the  centroid  to  the  vertices.  The  positive 
direction  of  the  X  axis  is  defined  by  the  line  which  con¬ 
nects  the  origin  6  of  the  (Xg,  Yg)  axis  to  node  point  Q 

of  the  element  as  shown  in  the  figure.  The  (X  -Y  )  plane 

6  S 

of  the  element  is  determined  by  the  three  corner  point 

coordinates.  A  material  axis  (X  .  Y_)  is  also  provided  for 

'm  m' 

this  element.  The  angle  (  )  between  the  material  and 

element  geometric  axis  is  considered  positive  when  measured 

in  a  counter-clockwise  direction  from  X^  to  X  . 

m  g 

With  respect  to  the  element  geometric  axes,  the 
comer  grid  points  include  the  degrees  of  freedom  u,  v,  w, 

9  and  0  .  A  reduced  set  of  degrees  of  freedom  is  associated 

^  y 

with  the  midside  grid  points;  namely,  u,  v  and  9n  (normal 

slope).  In  general,  transformation  to  global  or  grid  point 

axes  reference  systems  tends  to  fill  these  sets  of  degrees 

of  freedom  to  u,  v,  w,  0.  0  .  0_  for  the  corner  grid  points 

x  y  z 

and  to  u,  v,  w,  0n,  0,  0  (9n  is  not  transformed)  for  the  mid- 

side  grid  points.  It  is  for  the  Analyst  to  decide,  of  course, 
whether  or  not  these  additional  terms  lead  to  bona-fide 
degrees  of  freedom  in  the  assembled  structure.  The  User 
should  also  note  that  on  the  Boundary  Condition  Data  Form 
(Figure  11-10).  Whenever  ©n  (@normai)  is  feeing  considered, 

then  the  proper  input  code  (either  0,  1,  or  2)  is  always 
entered  in  the  location  which  is  normally  reserved  for  the 
0  entry  (Column  16). 

The  Grid  Point  Coordinate  Data  Form  (Figure  II-5) 
is  provided  fbr  input  of  the  coordinates  which  define  the 
elements.  Grid  point  coordinates  for  mid-side  nodes  are  not 
necessary  input  since  the  program  calculates  these 
coordinates  automatically. 
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The  Triangular  Thin  Shell  Element  is  provided 
with  a  constant  normal  pressure  load.  The  Grid  Point  Pres¬ 
sure  Data  Form  (Figure  II-6)  is  provided  for  this  pressure 
loading  if  it  exists.  On  that  form  provision  is  made  for 
three  possible  input  pressures  per  grid  point  P^  Pg,  and  P^. 

For  the  Trinagular  Thin  Shell  Element  the  input 
pressures  correspond  to  pressures  designated  P^  on  the  Grid 

Point  Pressure  Data  Form.  These  pressure  values  are  input 
in  Columns  13-22.  The  pressure  is  defined  as  positive  when 
acting  in  the  direction  of  positive  element  Zg  direction. 

A  linear  variation  is  provided  for  midplane  and 
gradient  variations  in  thermal  loading.  The  Grid  Point  Tem¬ 
perature  Data  Form  (Figure  II-7)  is  provided  to  input  node 
point  temperatures  and/or  temperature  gradients.  For  the 
Triangular  Thin  Shell  Element,  the  midplane  node  point  tem¬ 
peratures  correspond  to  the  temperature  designated  T,  on 

the  Grid  Point  Temperature  Data  Form.  These  temperature 
values  are  input  in  Columns  13-22  of  that  Form. 

Provision  for  a  temperature  gradient  through 
the  thickness  of  the  Triangular  Thin  Shell  is  also  provided. 
This  gradient  is  defined  as  positive  when  the  temperature 
is  increasing  through  the  thickness  in  the  positive  element 

Z  direction.  If  temperature  gradients  through  the  thick- 

s 

ness  are  present,  the  value  of  the  gradient  at  each  grid 
point  is  entered  in  the  location  set  aside  for  the  quantity, 
Tg  (Cols.  23-32)  on  the  Grid  Point  Temperature  Data  Form. 

The  gradient  is  entered  in  the  following  manner. 

m  _  AT 
2  “  t 

where 

AT  =  Change  in  temperature  through  the 
thickness  of  the  element 

t  =  Thickness  of  element 


Note  that  the  sign  of  Tg  depends  upon  the  direction  of  the 
gradient  as  pointed  out^above. 
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The  Element  Control  Data  which  is  required  for 
the  Triangular  Thin  Shell  Element  is  as  follows.  (See 
Figure  11-13). 

Element  Number  -  (Cols.  7-10) 

Refer  to  Element  Control  Section 

Plug  Number  -  (Col.  11-12) 

The  Triangular  Thin  Shell  Element  is 
identified  as  Number  20. 

Material  Number  -  (Cols.  13- l8) 

Refer  to  Element  Contrcl  Section 

Temperature  Interpolate  Option  -  (Col.  19) 

If  the  User  exercises  this  option  by  not 
making  an  er  try  in  Column  19,  the  program  will 
average  the  six  node  point  temperatures  of  the 
element  and  use  this  average  temperature  when 
establishing  material  properties  from  the  material 
tape.  This  means  that  temperatures  for  all  six 
node  points  (including  the  mid- side  nodes)  must 
be  entered  on  the  Grid  Point  Temperature  Data  Form 
(Figure  II-7).  If  the  User  wishes  to  employ  a 
specified  number  of  node  points,  n,  in  the  averag¬ 
ing  process  (n<6)  then  this  number  is  entered  in 
Column  19  and  the  first  n  node  points  entered  in 
Columns  36-71  will  be  used  for  the  averaging 
process.  If  a  '1*  is  entered  in  this  location  the 
program  will  use  the  Material  Temperature  entered 
in  Columns  20-27  when  establishing  material 
properties  from  the  material  tape. 

Material  Temperature  -  (Cols.  20-27) 

Refer  to  Element  Control  Section 

Repeat  Element  Matrices  -  (Col.  28) 


Refer  to  Element  Control  Section 
Element  Input  -  (Col.  29) 

The  Triangular  Thin  Shell  Element  always 
requires  Element  Input  therefore  an  'X'  is 
always  placed  in  Column  29  when  a  Triangular 
Thin  Shell  Element  is  being  employed. 
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The  following  Element  Input  is  required 
when  using  the  Triangular  Thin  Shell  Element 
(Refer  to  the  Element  Input  Section).  From 
the  Element  Input  Data  Form  it  is  seen  that 
the  Element  Input  Locations  are  labeled  A,  B , 
C,  D,  E,  F  with  each  item  contained  in  a  ten 
column  field. 

Location  A  -  (Cols.  13-22) 


Membrane  Thickness  (t  )  - 

For  the  Triangular  Thin  Shell  Element,  both 
membrane  and  flexural  action  are  represented. 
Optional  generation  of  either  or  both  re¬ 
presentations  is  controlled  by  the  provision 
of  associated  membrane  and  flexure  thickness. 
If  the  User  desires  to  do  a  embrane  problem, 
the  membrane  thickness  is  input.  If  membrane 
behavior  is  not  to  be  considered,  the  asso¬ 
ciated  membrane  thickness  is  not  input. 

Location  B  -  (Cols.  23-32) 

Flexural  Thickness  (tf)  - 

If  the  User  desires  to  do  a  flexure  problem, 
the  effective  flexure  thickness  must  be 
entered.  Omission  of  this  thickness  degen¬ 
erates  the  problem  into  one  of  pure  membrane 
behavior.  Since  flexure  and  membrane  be¬ 
havior  are  uncoupled  both  can  be  run 
consecutively  if  desired. 

Location  C  -  (Cols.  33-^2) 

Material  Axes  Angle  -  (Gamma)  - 

Since  the  Triangular  Thin  Shell  Element  is 
written  to  accommodate  anisotropy  of 
mechanical  and  physical  properties  provision 
is  made  in  the  program  for  differences  in 
orientation  of  material  and  element  geomet¬ 
ric  axes  for  an  element.  The  User  inputs 
the  angle  between  the  material  axis  (Xm) 

and  the  element  geometric  axis  (X  )  with 

o 

this  angle  being  measured  in  a  counter¬ 
clockwise  direction  from  the  material  axis 
(X  )  to  the  element  geometric  axes  (X  ). 
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This  angle  (^fmg)  is  input  in  degrees. 
Location  D  -  (Cols.  43-52) 

Types  of  Solution: 

(a)  Corrected  Plane  Stress  (Code  0.0)  - 
The  corrected  plane  stress  solution  is 
one  in  which  the  stress  in  the  out  of 
plane  direction  (  <T  )  is  set  equal  to 

zero  but  the  full  material  properties 
matrix  is  used.  That  is,  the  effect  of 
transverse  properties  on  the  in-plane 
stresses  are  included.  Such  effects 
are  negligible  for  most  practical 
materials. 

(b)  Restricted  Plane  Strain  (Code  1.0)  - 
The  restricted  plane  strain  solution 
is  one  in  which  the  strain  in  the  out 
of  plane  direction  (6.^)  is  set  equal 
to  zero. 

(c)  Conventional  Plane  Stress  (Code  2.0)  - 
The  conventional  plane  stress  solution 
is  one  in  which  the  stress  in  the  out 
of  plane  direction,  (CT  )  is  set  equal 

to  zero  and  the  effect  of  transverse 
properties  on  the  in-plane  stresses  are 
not  included. 

Location  E  -  (Cols.  53-62) 

Eccentricity  (ECC)  - 

The  eccentricity  is  defined  as  the  distance 
measured  from  the  neutral  axis  of  the 
eccentrically  place  element  to  the  midplane 
of  the  reference  element.  The  sign  of  the 
eccentricity  is  taken  to  be  positive  when 
the  direction  specified  from  the  eccentric 
element  to  the  reference  element  in  the 
positive  local  element  direction. 


The  above  is  the  Element  Input  required  for 
the  Triangular  Thin  Shell  Element.  Returning  to  the  Element 
Control  Data  Section,  the  list  of  data  items  continues  as 
follows. 


Interpolated  Input  Print  -  (Col.  30) 
Element  Matrix  Print  -  (Col.  31) 

Full  Print  -  (Col.  32) 


Refer  to 
Element 
Control 
Section 


Number  of  Input  Nodes  -  (Cols.  33-34) 


The  Triangular  Thin  Shell  Element  is 
always  defined  by  6  Input  Nodes. 


Number  of  Assembled  Nodes  (Col.  35) 

Not  applicable. 

Node  Points  -  (Cols.  36-71) 

In  general  the  Triangular  Thin  Shell 
Element  is  defined  by  six  node  points.  The 
User,  however,  has  the  option  to  suppress  the 
mid- side  nodes  individually  if  desired. 
Referring  to  Figure  11-13*  it  is  seen  that  12 
locations  are  set  aside  for  node  point  entries. 
The  first  6  locations  are  set  aside  for  the 
three  corner  points  and  three-mid- side  nodes 
respectively. 


Locations  9  and  10  -  (Cols.  60-65) 


Most  finite  elements  accommodate  anisotropic 
materials.  Axes  of  reference  must  be  specified 
for  material  properties.  This  is  accomplished 
through  specification  as  element  data,  of  co¬ 
ordinate  points  defining  the  material  axes. 
These  axes  are  defined  by  inputting  the  appli¬ 
cable  set  of  coordinates  in  these  locations. 
These  coordinates  define  the  X  axis  for 
material  property  definition.  This  device  may 
also  be  used  effectively  to  define  stress  out¬ 
put  direction  and  the  same  two  points  used  for 
the  reference  element  can  be  used  for  each 
following  element  so  that  the  output  has  a 
common  reference. 
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Locations  11  and  12  -  (Cols.  66-71) 


A  specification  of  stress  values  implies 
a  set  of  reference  axes.  The  axes  of  refer¬ 
ence  are  determined  with  the  provision  of  an 
element  stress  matrix.  Frequently  axes  of 
reference  convenient  for  formulation  are  not 
convenient  for  interpretation  of  stresses. 

The  problem  is  resolved  by  data  specification 
of  stress  axes.  This  is  accomplished  through 
specification  as  element  data,  of  coordinate 
points  which  define  the  stress  sixes.  The  node 
points  entered  in  these  locations  define  the 
direction  of  the  (X)  stress  axis.  With  this 
definition,  the  stresses  in  the  other  direc¬ 
tions  retain  their  proper  orientation  with 
respect  to  this  axis. 

REMEMBER : 

(a)  If  all  three  mid-side  nodes  were 
suppressed  only  the  first  three  loca¬ 
tions  would  be  needed.  If  mid- side 
nodes  are  suppressed  individually  then 
zeros  are  input  in  the  location  per¬ 
taining  to  that  particular  point. 

(b)  The  stress  axis  determination  is  element 
related  and  therefore  if  locations  11 
and  12  are  used  for  stress  directions, 
then  each  element  must  be  considered 
separately  and  node  points  related  to 
that  particular  element  are  used  in 
determining  stress  direction. 
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17. 


Check  Or  End  Section  (Figure  11-22) 


The  labeled  input  data  form  provided  for  the 
Check  or  End  Section  is  shown  in  Figure  11-22. 

A  program  option  is  provided  to  conduct  a  read 
and  write  of  input  data  with  execution  suppressed.  Output 
from  the  data  read  and  write  option  includes  the  material 
properties  derived  from  the  materials  library  as  well  as 
tables  completed  by  MODAL  specification  of  data.  It  is 
recommended  that  this  feature  be  used  routinely  to  minimize 
execution  against  incorrect  problem  specifications.  If 
the  User  desires  to  use  the  CHECK  option,  he  simply  scratch¬ 
es  out  the  END  designation  which  appears  on  the  input  data 
form.  The  keypunch  operator  will  then  punch  the  word  CHECK 
in  columns  1-5. 

If  the  User  does  not  want  to  exercise  the  CHECK 
option  but  wishes  to  execute  the  problem,  he  simply 
scratches  out  the  CHECK  designation  which  appears  on  the 
form.  The  keypunch  operator  will  then  punch  the  word  END 
in  columns  1-3. 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
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CHECK  OR  END  CARD 
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FIGURE  11-22  CHECK  OR  END  DATA  FORM 
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SECTION  III 


INPUT  AND  OUTPUT  OP  THE  MAGIC  SYSTEM 


A.  GENERAL  DESCRIPTION 

In  this  section,  the  proper  interpretation  of  the 
input  supplied  to  the  MAGIC  System  and  the  output  supplied 
by  the  MAGIC  System  will  be  provided  by  reference  to  specific 
example  problems.  These  examples  will  utilize  each  of  the 
finite  elements  which  make  up  the  library  of  the  MAGIC  System. 

It  is  to  be  noted  that  output  from  the  Structural 
Monitor  records  the  input  data  problem  description  as  well  as 
optional  intermediate  results.  System  level  matrix  output  of 
final  results  is  handled  by  the  FORMAT  standard  matrix  print 
capability . 
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B.  THREE  ELEMENT  PORTAL  FRAME 


A  three  element  portal  frame  is  shown  in  Figure 
III-B.l,  along  with  its  loading,  dimensions  and  pertinent 
material  properties.  The  preprinted  input  data  forms  asso¬ 
ciated  with  this  frame  are  displayed  in  Figures  III-B.2 
thru  III-B.10. 

In  Figure  III-B.6  (Boundary  Condition  Section)  it 
is  instructive  to  note  the  use  of  the  MODAL  and  Repeat  options. 
There  are  2  executions  to  the  MODAL  Card  (Grid  points  2  and  3). 
Grid  point  3  has  exactly  the  same  boundary  conditions  as  Grid 
point  2,  therefore  the  Repeat  Option  is  employed  by  placing  an 
'X1  in  Column  ..  }  opposite  the  entry  for  Grid  Point  Number  3. 
Note  that  the  2  exceptions  to  the  MODAL  card  are  called  out 
on  the  System  Control  Information  Data  Form  (Figure  III-B.4). 

In  Figure  III-B.7  (External  Loads  Section)  the 
following  information  is  evident. 

(1)  One  loc.d  condition  is  input. 

(2)  The  External  Applied  Load  Scalar  equals  0.0. 

(3)  Grid  point  number  2  is  loaded  with  a  load  in 
the  X  direction  equal  to  550.0.  It  should  be 
noted  that  the  entry  corresponding  to  External 
•Moments  is  also  filled  in  even  though  there 
are  no  external  moments  applied  to  the  system. 
This  is  done  because  the  Frame  Element  requires 
two  external  load  cards  per  grid  point. 

In  Figure  III-B.9  (Element  Input )  it  is  noted  that 
only  the  MODAL  entry  is  used.  This  means  that  all  of  the  Frame 
Elements  used  in  this  analysis  have  identical  Element  Input 
as  follows: 


Location 

Location 

Location 

Location 


p 

A  -  Cross  Sectional  Area  (A)  =  18.0  in 

ii 

B  -  Area  Moment  of  Inertia  (I__)  =  13.5  in 
C  -  Area  Moment  of  Inertia  (I  )  =  13.5  in 

v  v  . 

.  v  4 

D  -  Torsional  Moment  of  Inertia  (J)  =  27.0  in 
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FIGURE  III-B.l  -  Idealized  Three  Element  Portal  Frane 
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FIGURE  III-B.2  TITLE  INFORMATION,  THREE  ELEMENT  PORTAL  FRAME 
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FIGURE  III-B.3  MATERIAL  TAPE  INPUT,  THREE  ELEMENT  PORTAL  FRAME 
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APPLICABLE  REQUESTS 

1.  Number  of  System  Grid  Points 

2.  Number  of  Input  Grid  Points 

3.  Number  of  Degrees  of  Freedom/Grid  Point 

4.  Number  of  Load  Conditions 

5.  Number  of  Initially  Displaced  Grid  Points 

6.  Number  of  Prescribed  Displaced  Grid  Points 

7.  Number  of  Grid  Point  Axes  Transformation 
Systems 

8.  Number  of  Elements 

9.  Number  of  Requests  and/or  Revisions  of 
Material  Tape. 


m 

29  30 


10.  Number  of  Input  Boundary 
Condition  Points 

11.  Tq  For  Structure  (With  Decimal  Point) 


FIGURE  III-B.4  SYSTEM  CONTROL  INFORMATION,  THREE  ELEMENT  PORTAL  FRAME 
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FIGURE  III-B.5  GRIDPOINT  COORDINATES,  THREE  ELEMENT  PORTAL  FRAME 
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FIGURE  III-B.8  ELEMENT  CONTROL  DATA,  THREE  ELEMENT  PORTAL  FRAME 
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FIGURE  III-B.9  ELEMENT  INPUT,  THREE  ELEMENT  PORTAL  FRAME 
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Figure  III-B.IO  End  Card,  Three  Element  Portal  Frame 
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The  output  supplied  by  the  MAGIC  System  for  the  three  element 
portal  frame  is  as  follows. 

Figure  III-B.ll  shows  the  matrix  abstraction  instructions 
associated  with  this  particular  problem.  A  complete  discussion  of 
these  abstraction  instructions  is  provided  in  Section  II  of  this 
report.  Figures  III-B.12  thru  III-B. l4  display  the  output  from 
the  Structural  System  Monitor.  These  figures  record  the  input  data 
pertinent  to  the  problem  being  solved. 

Figure  III-B.13  displays  the  coordinate  and  boundary  condition 
information  for  this  problem.  In  the  Boundary  Condition  Informa¬ 
tion  Section  of  the  figure,  zeros  ('0')  represent  degrees  of  free¬ 
dom  that  are  fixed  and  ones  ('1’)  represent  degrees  of  freedom 
that  have  unknown  values  of  displacement.  The  last  column  in  the 
section  represents  the  cumulative  degree  of  freedom  total. 

The  finite  element  information  is  also  shown  in  Figure  III-B. 
13.  Under  the  section  titled  External  Input,  the  first  entry 
printed  is  the  cross-sectional  area  of  Element  Number  1  which  is 
equal  to  l8.0.  The  second  and  third  entries  printed  are  equal  to 
the  moments  of  inertia  Izz  and  Iyy  respectively  with  numerical 
values  equalling  13.50.  The  fourth  value  printed  is  the  Torsional 
Moment  of  Inertia,  J,  which  in  this  case  equals  27.00. 

Figure  III-B. 14  displays  the  External  Load  Column  for  this 
problem.  The  30x1  vector  shown  in  the  figure  is  the  total  un¬ 
reduced  transformed  external  load  column  which  is  read  row-wise. 

The  ordering  is  consistent  with  that  of  the  boundary  condition 
information  shown  in  Figure  III-B. 13.  Note  that  the  external  load 
of  550.0  is  applied  at  node  point  Number  2  in  the  positive  Global  X 
direction. 

System  level  matrix  output  of  final  results  is  handled  by  the 
FORMAT  standard  matrix  print  capability.  These  results  are  shown 
in  Figures  III-B. 15  thru  III-B. 17 .  Figure  III-B. 15  shows  the 
reduced  stiffness  matrix  for  this  problem.  It  is  to  be  noted  that 
only  non-zero  terms  of  the  stiffness  matrix  are  displayed.  The 
stiffness  matrix  is  presented  row-wise  and  its  ordering  is  con* 
sistent  with  that  of  the  boundary  conditions  shown  in  Figure  III-B. 
13.  For  this  case,  the  ordering  of  the  displacement  vector  is 
as  follows: 


T 

{  q  J  =  v2»  ez2’  u3*  vy  0z3-l 


The  Reduced  Externally  Applied  Load  Vector  (LOADR)  is  presented 
in  Figure  III-B. 16.  The  size  of  this  vector  is  o  x  1.  This  is 
true  because  there  are  6  degrees  of  freedom  in  the  reduced  stiffness 
matrix.  There  is  one  non-zero  value  shown  in  this  vector.  The 


131 


other  eight  values  of  force  which  make  up  the  vector  are  equal 
to  zero.  Prom  the  figure  is  is  seen  that  the  force  value  pre¬ 
sented  corresponds  to  reduced  degree  of  freedom  (REDDOF)  1. 

From  the  Boundary  Condition  Information  (Figure  III-B.13)  it  is 
seen  that  this  corresponds  to  a  force  in  the  Global  X  direction 
at  node  point  2  numerically  equal  to  550.0. 

The  vector  of  displacements  (DISPR)  is  again  of  the  order 
6x1,  since  there  are  6  degrees  of  freedom  remaining  after 
assembly  and  reduction.  The  ordering  of  the  displacement  vector 
is  consistent  with  that  of  the  boundary  conditions  shown  in 
Figure  III-B.13.  The  ordering  of  the  displacement  vector  is  as 
follows: 

T 

{  q  }  =  LUg,  V2,  ©z2,  U3,  V3,  ©23-! 


It  is  to  be  noted  that  the  displacements  are  referenced  to  the 
global  axis  of  reference  unless  otherwise  indicated.  MATRIX 
DISPR  is  interpreted  as  follows. 


MATRIX  DISPR 


REDDOF 

NODE  POINT 

D.O.F. 

DISP  VALUE 

1 

2 

u 

0.0269096 

2 

2 

V 

0.0000627872 

3 

2 

©z 

-0.000338244 

4 

3 

u 

0.0268363 

5 

3 

V 

-0.0000627872 

6 

3 

®z 

-0.000336718 

The  stress  matrix  is  also  shown  in  Figure  III-B.16  and  is 
of  the  order  36  x  1.  This  is  true  because  each  frame  element 
is  defined  by  six  forces  at  each  end  of  the  element,  giving  a 
total  of  12  forces  per  element.  Since  3  frame  elements  were 
used  in  this  analysis,  the  size  of  the  stress  vector  is  36  x  1. 
The  stress  vector  is  related  to  element  coordinates  and  for  the 
frame  element,  description  of  stress  behavior  is  accepted  as 
the  definition  of  the  twelve  forces  acting  at  the  two  grid  point 
connections.  The  ordering  for  the  stress  matrix  is  as  follows: 
(See  Figure  III-B.l  for  Element  Numbering). 
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3 

(etc.  ) 


STRESS (FORCE) 

NODE  POINT 

Fx  =  -235.452 

1 

Fy  =  -275.269 

1 

Fz  =  0.0 

1 

Mx  =  0.0 

1 

My  =  0.0 

1 

Mz  =  -7557.77 

1 

Fx  =  235.452 

2 

Fy  =  275.269 

2 

Fz  =  0.0 

2 

Mx  =  0.0 

2 

My  =  0.0 

2 

Mz  =  -56  55.14 

2 

Fx  =  274.729 

2 

Fy  =  -235.452 

2 

Fz  =  0.0 

2 

Mx  =  0.0 

2 

My  =  0.0 

2 

Mz  =  -56  55.14 

2 

Fx  =  -274.729 

3 

Fy  =  235.452 

3 

Fz  =  0.0 

3 

Mx  =  0.0 

3 

My  =  0.0 

3 

Mz  *  -5646.56 

3 

Fx  =  235.452 

3 

(etc.  ) 

(etc. ) 

.  The  vector  is  read  row-wise  and  note  that  only  non-zero 
values  are  printed. 

The  MATRIX  FORCES  are  presented  in  Figure  III-B.17.  These 
forces  are  defined  with  respect  to  the  Global  Coordinate  System. 
The  Matrix  Force  vector  is  a  5^  x  1  vector  for  the  following 
reason.  Each  frame  element  is  defined  by  three  node  points  with 
the  third  point  defining  the  element  Xg-Yg  plane.  Since  there 
are  six  forces  per  point,  each  element  is  defined  by  18  forces 
with  the  last  six  related  to  the  third  node  point  always  being 
equal  to  zero.  The  ordering  of  the  Matrix  Forces  is  as  follows: 

(See  Figure  III-B.l  for  Element  Numbering.) 
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MATRIX  FORCES 


135 


The  matrix  force  vector  is  read  row-wise  and  only 
non-zero  values  of  force  are  printed.  Note  again  that  the 
Element  Forces  are  referenced  to  the  Global  Axis  unless 
otherwise  indicated. 

The  final  item  of  information  contained  in  Figure  III-B. 
17  is  the  vector  of  reactions  (MATRIX  REACT) .  This  vector  is 
a  30  x  1  since  there  are  five  node  points  associated  with 
this  problem  and  six  associated  degrees  of  freedom  per  node¬ 
point.  The  reactions  are  read  row-wise  and  are  interpreted 
as  follows . 
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FIGURE  III-B.12  TITLE  AMD  MATERIAL  DATA  OUTPUT,  THREE  ELEMENT  PORTAL  FRAME 
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FIGURE  III-B.16  LOAD,  DISPLACEMENT  AND  STRESS  OUTPUT,  THREE  ELEMENT  PORTAL  FRAME 
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C .  CANTILEVER  BEAM 


A  cantilever  beam  is  shown  in  Figure  III-C.l  along 
with  its  loading,  dimensions  and  pertinent  material  proper¬ 
ties.  The  beam  is  idealized  using  axial  force  members  and  a 
quadrilateral  shear  panel.  The  preprinted  input  data  forms 
associated  with  this  beam  are  displayed  in  Figures  III-C.2 
through  III-C.10. 

In  Figure  III-C.6  (Boundary  Condition  Section)  it 
is  interesting  to  note  the  use  of  the  MODAL  and  Repeat  options. 
There  are  two  exceptions  to  the  MODAL  card  (Grid  Points  2  and 
3).  Grid  Point  3  has  exactly  the  same  boundary  conditions 
as  Grid  Point  2,  therefore  the  Repeat  option  is  employed  by 
placing  an  'X'  in  Column  12  opposite  the  entry  for  Grid  Point  3. 
Note  that  the  2  exceptions  to  the  MODAL  card  are  called  out 
on  the  System  Control  Information  Data  Form  (Figure  III-C.4). 

In  Figure  III-C.7  (External  Loads  Section)  Grid 
Points  3  and  4  have  applied  external  loading.  Note  that  there 
are  2  external  load  cards  per  grid  point. 

In  Figure  III-C.9  (Element  Input)  the  MODAL  card  is 
used  for  Element  Numbers  2  and  3.  These  are  the  Axial  Force 
Members  parallel  to  the  X  Axis.  For  Element  Number  1,  the 
Quadrilateral  Shear  Panel,  the  thickness  of  0.0787  inches  is 
entered  in  Location  A.  Finally  for  Element  No.  4  the  cross- 
sectional  area  of  0.10  sq.  inches  is  entered.  The  area  for 
Element  No.  5  is  repeated  by  simply  placing  an  ‘'X"  in  the 
repeat  column  opposite  the  entry  for  Element  No.  5. 
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FIGURE  III-C.8  ELEMENT  CONTROL  DATA,  CANTILEVER. 'BEAM 
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FIGURE  III-C.9  ELEMENT  INPUT,  CANTILEVER  BEAM 
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FIGURE  III- C. 10  END  CARD,  CANTILEVER  BEAM 
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The  output  supplied  by  the  MAGIC  System  for  the  canti¬ 
lever  beam  is  as  follows: 

Figures  III-C.ll  thru  III-C.14  display  the  output  from 
the  Structural  Systems  Monitor.  These  figures  display  the 
input  data  pertinent  to  the  particular  problem  being  solved. 


Referring  to  Figure  III-C.l  it  is  seen  that  one  shear  panel 
and  four  axial  force  members  are  used  in  this  idealization. 
Element  Number  1  represents  the  shear  panel  while  elements  2,  3, 
4,  and  5  represent  the  axial  force  members.  In  Figure  III-C.13, 
the  external  input  for  element  number  1  is  equal  to  0.07870. 

This  value  represents  the  thickness  of  the  quadrilateral  shear 
panel  being  employed.  For  elements  2  and  3  the  values  of  the 
external  input  are  equal  to  1.55  while  for  elements  4  and  5  the 
values  are  equal  to  0.10.  These  values  represent  the  cross- 
sectional  area  of  the  respective  axial  force  members. 

Figure  III-C.14  displays  the  transformed  external  assembled 
(unreduced)  load  column  for  this  problem.  This  vector  is  read 
row-wise  and  is  consistent  with  the  ordering  of  the  displacements 
displayed  in  the  Boundary  Condition  Section  shown  in  Figure 
III-C.12.  It  is  seen  from  this  vector  that  an  externally  applied 
load  of  -176.40  is  acting  at  node  point  3  in  the  negative  Y 
direction  and  a  force  of  -176.40  is  acting  at  node  point  4  also 
in  the  negative  Y  direction. 

Figure  111-0.15  shows  the  assembled  and  reduced  stiffness 
matrix  for  this  problem.  The  stiffness  matrix  is  presented 
row-wise  and  its  ordering  is  consistent  with  that  of  the  boundary 
conditions  shown  in  Figure  III-C.12.  For  this  case,  the  ordering 
of  the  displacement  vector  is  as  follows: 

T 

{  q  >  =  Lu2,  v2,  u3,  v3  J 

Figure  III-C.16  shows  the  reduced  Externally  Applied  Load 
Vector  (LOADR).  This  is  a  4  x  1  vector  with  one  non-zero  value 
of  force  displayed.  This  value  corresponds  to  reduced  degree  of 
freedom  (REDDOF)  4.  From  the  Boundary  Condition  Information 
(Figure  III-C.12)  it  is  seen  that  this  corresponds  to  a  force 
of  -176.40  in  the  negative  Y  direction  at  node  point  3. 

The  vector  of  displacements  (DISPR)  also  shown  in  Figure 
III-C.16,  is  again  of  the  order  4x1,  since  there  are  4  degrees 
of  freedom  remaining  after  assembly  and  reduction.  The  ordering 
of  the  displacement  vector  is  consistent  with  that  of  the 
boundary  conditions  shown  in  Figure  III-C.12  and  is  as  follows: 
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MATRIX  DISPR 


REDDOF 

NODE  POINT 

D.O.F. 

DISP.  VALUE 

1 

2 

u 

-0.00920315 

2 

2 

V 

-0.150560 

3 

3 

u 

0.009230315 

4 

3 

V 

-0.15113 

Note  that  the  displacements  are  referenced  to  the  global 
system  axis  unless  otherwise  indicated. 

The  stress  matrix  is  the  last  item  of  information  shown  in 
Figure  III-C.16.  This  matrix  is  of  the  order  49  x  1.  This  is 
true  for  the  following  reason.  The  quadrilateral  shear  panel 
is  described  by  one  constant  shear  stress  value.  The  axial  force 
members  are  defined  by  six  forces  at  each  end  of  the  element 
giving  a  total  of  12  forces  per  element.  Since  four  axial  force 
members  were  used  in  this  analysis,  their  total  contribution  to 
the  stress  vector  is  48.  Adding  the  stress  contributed  by  the 
shear  panel  the  final  size  of  the  stress  vector  is  49  x  1. 

The  stress  vector  is  related  to  element  coordinates  and  the 
value  of  stress  given  for  the  shear  panel  has  units  of  (force/ 
length).  Description  of  stress  behavior  for  the  axial  force 
members  is  accepted  as  the  definition  of  the  twelve  forces  acting 
at  the  two  grid  point  connections.  The  ordering  of  the  Stress 
matrix  is  as  follows:  (See  Figures  III-C.l  for  Element  Numbering.) 
Note  that  only  non-zero  values  of  stress  are  printed. 


MATRIX  STRESS 


NRSEL 

ELEMENT 

FORCE 

.  _ 

NODE  POINT 

1 

1 

T  =  1*4.323 

— 

2 

2 

A«y 

F  =  l4i6 . 89 

1 

8 

2 

F  =  -1416.89 

A 

2 

14 

3 

F  =  -1416.89 

A 

3 

20 

3 

F  ■-=  1416.89 

A 

4 

38 

5 

F  =  88.2002 

A 

2 

44 

5 

Fx  =  -88.2002 

—  —  ..  -  — - - 

3 

Note  again  that  stress  values  are  referenced  to  the  element 
coordinate  system. 

In  Figure  III-C.17,  the  vector  of  MATRIX  FORCES  is  presented. 
These  forces  are  defined  with  respect  to  the  Global  Coordinate 
System.  The  Matrix  Force  Vector  is  a  96  x  1  vector  for  the 
following  reason.  Element  Number  1  (Quadrilateral  Shear  Panel) 
is  defined  by  4  node  points  with  six  forces  per  node  point. 

Each  axial  force  member  is  defined  by  three  node  points  with  the 
third  point  defining  the  element  Xg-Yg  plane.  Since  these  are 
six  forces  per  point,  each  element  is  defined  by  l8  forces  with 
the  last  six  for  each  element  related  to  the  third  node  point 
always  being  equal  to  zero.  Since  four  axial  force  members  were 
used  in  this  analysis  their  total  contribution  is  72  forces. 

Adding  the  contribution  of  the  shear  panel,  the  final  size  of  the 
Matrix  Force  vector  is  96  x  1.  The  ordering  of  the  Matrix  Force 
vector  is  as  follows:  (See  Figure  III-C.l  for  element  numbering 
and  note  again  that  only  non-zero  values  of  force  are  printed.) 


MATRIX  FORCES 


D.O.F. 

ELEMENT  NO. 

FORCE 

NODE  POINT 
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1 

Fx  =  1417.89 
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Fy  =  88.200 

JL 
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Fx  =  1416.89 
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Fy  =  -88.200 

2 

13 
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Fx  =  -1416.89 

3 

14 

1 

Fy  =  -88.200 

3 

19 

1 

Fx  =  -1416.89 

4 

20 

1 

Fy  =  88.200 

4 

25 

2 

Fx  =  l4i6 . 89 

1 

31 

2 

Fx  =  -1416.89 

2 

43 

3 

Fx  =  1416.89 

3 

49 

3 

Fx  =  -1416.89 

4 

80 

5 

Fy  =  88.2002 

2 

86 

5 

Fy  =  -88.2002 

3 
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The  final  item  of  information  contained  in  Figure  II-C.17 
is  the  vector  of  reactions  (MATRIX  REACT).  This  vector  is  a 
30  x  1  since  there  are  five  node  points  associated  with  this 
problem  and  six  associated  degrees  of  freedom  per  node  point. 

Only  non-zero  terma  sre  printed  for  this  vector.  The 
reactions  are  read  row-wise  and  are  interpreted  as  follows: 


D.O.F. 

1 
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13 

14 
19 


MATRIX  REACT 


REACTION 

NODE  POINT 

PRX  =  2833.77 

1 

PRY  =  88.200 

1 

-0.0002746  =  0 

2 

0.0002136  =  0 

2 

0.0003309  =  0 

3 

-0.0001469  =  0 

3 

PjK  =  -2833.77 

4 

PRY  =  264.60 

4 
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FIGURE  TTI-C.ll  TITLE  A!1P  MATERIAL  TATA  OUTPUT,  CANTILEVER  BEAM 


NO*  DIRECT  IONS  «  J  WO.  DECREES  OF  FREEOON 


5 


Ul 


t 


oooooooeoo 


160 


vtottre  TTT-P .12  C.RTD  POTTIT  DATA  AW  -WNDAKV  rONDTTT'^'  r  TF  T,  'A7rTT  LEVER  ^EA 


Flow*  m-C.13  FIKXT*  *LW*FT  WSCMmOi  OUTIOT,  CA*ni*W»  M** 


EXTERNAL  LOAD  CONDITIONS 


o 


•  •  •  •  • 

o  o  o  o  o 


•  • 
o  o 


o 

i 

« 


o 

< 

o 


oo 


o  o 

I/I 

IlMniA 

QUO 


o  o 
o  ♦  ♦ 

Ul  O  4* 

or-  k 

<  m$  *4 

o  •  • 
^  o  o 
I  I 


u 

* 

o 


! 

* 


oo 


PA  * 


s 

s 

o 

< 

o 

u 

o 


* 

« 


o 

UJ 

V 

or 

u 


•  •  •  •  • 

o  o  o  o  o 


o 

I L 

o 


•  •  • 

o  o  o 


o 


w 

6 


H 

£h 


< 

c 


6-* 

£ 

c 

f 

D 

o 

c 


Q 

< 

o 


it 

rH 


c 

I 

H 

H 

H 


w 

g 

o 


M 


162 


Ot$l».  1  1  0.395E99E  07  2  -0.236736E  06  3  -C.380303E  07  4  -0.2367366  06 


UJ 

o 


163 


MATRIX  LOAM 


FIGURE  III -C. 16  LOAD,  DISPLACEMENT  AND  STRESS  OUTPUT,  CANTILEVER  BEAM 
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D.  THICK  WALLED  DISK 


A  thick  walled  disk  under  the  influence  of  a  radi¬ 
ally  varying  thermal  loading  is  shown  in  Figure  III-D.l  along 
with  its  dimensions  and  pertinent  material  properties.  This 
disk  is  idealized  using  triangular  cross-section  ring  elements. 
The  preprinted  input  data  forms  associated  with  this  problem 
are  shown  in  Figures  III-D.2  through  III-D.10. 

In  Figure  III-D.3  (Material  Tape  Input  Section)  note 
that  2  material  (temperature)  points  are  entered  for  the 
material  in  question.  A  linear  interpolation  for  material 
properties  is  performed  for  temperatures  which  fall  between 
these  two  temperature  points. 

In  Figure  III-D.6  (Grid  Point  Temperature  Section) 
it  is  instructive  to  note  the  use  of  the  Repeat  Option.  Grid 
point  5  has  the  same  temperature  as  grid  point  1,  therefore 
the  Repeat  option  is  employed  by  placing  an  'X'  in  column  12 
opposite  the  entry  for  Grid  Point  Number  5.  This  same  pro¬ 
cedure  is  also  used  for  Grid  Points  2  and  3*  Note  that  the 
Grid  Points  are  not  entered  sequentially  allowing  the  use  of 
the  Repeat  option.  It  should  also  be  noted  that  the  tempera¬ 
ture  values  are  entered  in  Columns  13-22. 

In  Figure  III-D.7  (Boundary  Condition  Section)  it 
is  instructive  to  note  the  use  of  the  MODAL  option.  There  is 
only  1  exception  to  the  MODAL  card  and  this  is  Grid  Point 
Number  5.  This  exception  must  be  called  out  on  the  System 
Control  Information  Data  Form  (Figure  III-D.4). 

In  Figure  III-D.8  (External  Loads  Section)  the 
following  information  is  evident. 

(1)  One  load  condition  is  input 

(2)  The  External  Applied  Load  Scalar  equals  1.0 

(3)  The  MODAL  option  is  employed,  and  loads  of  0.0 

are  entered  in  the  locations  corresponding  to 

F  ,  F  ,  and  F  .  Note  that  this  is  the  only 
x  y  z 

entry  required  (the  Moment  and  Generalized 
Values  are  ignored)  since  the  Triangular  Cross- 
Section  ring  has  three  degrees  of  freedom  per 
point  thus  requiring  only  one  external  load  card 
per  grid  point. 
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X  *  p.3 


FIGURE  III  -  D.l  -  Idealized  Thick  Walled  Disc 
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FIGURE  III- D. 10  END  CARD,  THICK  WALLED  DISK 
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The  output  supplied  by  the  MAGIC  System  for  the  thick 
walled  disk  is  as  follows: 

Figures  III-D.ll  thru  III-D.14  display  the  output  from 
the  Structural  Systems  Monitor.  These  figures  display  the 
input  data  pertinent  to  the  particular  problem  being  solved. 

Figure  III-D.12  displays  the  coordinate  and  boundary 
condition  information  for  this  problem. 

In  the  Gridpoint  Data  Section  note  that  node  points  1  and 
5  havj  temperature  values  input  of  825.00  while  node  point  4 
has  a  temperature  of  481.25. 

In  the  Boundary  Condition  Section  note  that  there  are 
three  allowable  degrees  of  freedom  per  point  for  the  triangular 
ring  element  as  follows: 

(u,  o,  w).  The  ordering  of  the  reduced  displacement  vector 
is  as  follows: 


T 

{  o  }  =  Lui>  wi>  u2'  w2'  u3'  w3'  u4'  w4*  U5-J 

Figure  III-D.14  displays  the  Transformed  External  Assembled 
Load  Column.  Note  that  these  loads  are  all  equal  to  zero  since 
this  is  a  thermal  stress  problem  and  thermal  loads  are  element 
applied  loads. 

System  level  output  of  final  results  is  handled  by  the 
FORMAT  standard  matrix  print  capability.  These  results  are 
shown  in  Figure  III-D.15  thru  III-D.17. 

Figure  III-D.15  shows  the  assembled  and  reduced  stiffness 
matrix.  The  stiffness  matrix  is  presented  row-wise  and  only 
non-zero  terms  are  displayed.  The  ordering  of  the  stiffness 
matrix  is  consistent  with  that  *>f  the  boundary  conditions 
shown  in  Figure  III-D.12.  For  this  case  the  order  of  the 
displacement  vector  is  as  follows: 

{  q  }  =  LV  ^1*  u2*  ^ 2 *  u3'  u4'  ^4*  ^5 — ^ 
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Figure  III-D.16  displays  the  thermal  stress  correction 
vector  SZAEL.  This  vector  is  of  the  order  12  x  1,  since  four 
stresses  are  evaluated  at  the  centroid  of  each  element  and 
three  elements  were  used  in  this  analysis.  The  stress  correc¬ 
tion  vector  is  of  the  following  form: 

{  SZAEL  }  =  A  T  [E]  {  ^  } 

where  {_  E  ^  Is  the  material  property  matrix  which  has  the 
following  form 


E  =  — 
A 


V1  W  +  *zrV>'  Er<V  +  0 


Ed-*'))  .  E  (*  +  0  0  ).  0 

e'  rz  zr'  *  e'  ze  re  zr '  * 


Symmetric 


E  (1  >  0 

z'  re  er' 

AG 


rz 


where 


A 


(1-0  0  -0  0  -0\?  -S>  \>  O  -0  0  v>  ) 

K  re  er  ez  ze  zr  rz  re  ez  zr  rz  er  ze' 


{  «■  \  T  =  L^r’  °e'  °V  °  J 


179 


where  <xr  ,  oCe  ,  and  otz  are  the  coefficients  of  thermal 
expansion  in  tne  r,  e,  and  z  directions  respectively. 

AT  is  the  difference  between  the  centroidal  temperature  of 
the  element  and  the  equilibrium  temperature. 

Rewrite  the  material  properties  matrix  as  follows: 


[E] 


SYMM. 


0 

0 

0 

e44 


Using  the  above  notation  the  SZAEL  vector  is  read  row-wise 
as  follows: 


MATRIX  SZAEL 


ROW 

ELEMENT 

NUMBER 

ALGEBRAIC  VALUE 

NUMERICAL 

VALUE 

1 

1 

(Ell<*r+  e12  °s+  e13‘xz  ) 

1959.37 

2 

1 

(l1!otr+  E22  **e  +  EgjC**,  ) 

1959.37 

3 

1 

(Eis^r  +  ^23  +  ^33  ) 

1959.37 

5 

2 

(En^r  +  E12  «**e  +  E13c?^  ) 

3196.87 

6 

2 

(El2  +  E22  ^0  +  E23  ) 

3196.87 

B 

2 

(®13°Cr  +  ^23  ^0  +  E33  °^z  ) 

3196.87 

B 

3 

(Eu«r+  ei2=x8+  E13»z  ) 

721.875 

B 

3 

(E12°<  r  +  E22  ^  0  +  E23  ) 

721.875 

B 

3 

+  E23  ^0  +  E33  * 

721.875 
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The  following  item  of  information  in  the  figure  is  the 
vector  FTELAR  (Reduced  Element  Applied  Loads).  The  size  of 
this  vector  is  9  x  1.  The  vector  appears  as  follows  and  is 
read  row-wise. 


MATRIX  FTELAR 


REDDOF 

NODE  NUMBER 

ELEMENT  APPLIED 
LOAD  VALUE 

1 

1 

PR  =  -275.380 

2 

1 

Pz  =  -2618.81 

3 

2 

PR  =  583.158 

4 

2 

Pz  =  -1673.88 

5 

3 

PR  =  226.784 

6 

3 

Pz  =  519.713 

7 

4 

PR  =  583.158 

8 

4 

Pz  =  2308.33 

9 

5 

PR  =  -502.164 
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The  last  Item  of  information  appearing  in  the  figure 
is  the  displacement  vector  (DISPR).  This  vector  is  of  the 
order  9x1  since  there  are  9  degrees  of  freedom  remaining 
after  assembly  and  reduction.  The  displacement  vector  is 
read  row-wise  and  is  interpreted  as  follows: 


MATRIX  DISPR 


REDDOF 

NODE  POINT 

D.O.F. 

DISP.  VALUE 

1 

1 

u 

0.00002468 

2 

1 

w 

-O.OOOOO8658 

3 

2 

u 

0.00004296 

4 

2 

w 

-0.000004524 

5 

3 

u 

0.00004147 

6 

3 

w 

-0.000004173 

7 

4 

u 

0.00003550 

8 

4 

w 

-0.000002076 

9 

5 

u 

0.00002274 

The  stress  matrix  is  shown  in  Figure  III-D.17.  This 
matrix  is  defined  as  follows: 

CT  =  [E]  { €  }  -  [  SZAEL  } 

where  the  thermal  stress  correction  vector  SZAEL  has  been 
discussed  previously.  The  size  of  the  final  stess  vector 
is  a  12  x  1.  Four  stresses  are  evaluated  at  the  centroid 
of  each  element 

{  ^ELEM  }  =  L  ^z'  Trz  -I 
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Since  there  were  3  elements  used  in  this  problem  the  final 
stress  vector  is  a  12  x  1.  The  ordering  of  the  stress  matrix 
is  as  follows:  (See  Figure  III-D.l  for  Element  Position  and 
Numbering  Sequence . ) 


MATRIX  STRESS 


NRSEL 

ELEMENT 

STRESS 

NODE  POINT 

1 

1 

= 

-128.397 

Centroid 

2 

1 

= 

0.004486 

Centroid 

3 

1 

= 

-9.52805 

Centroid 

4 

1 

= 

173.245 

Centroid 

5 

2 

= 

-568.817 

Centroid 

6 

2 

% 

= 

-619.640 

Centroid 

7 

2 

<r 

z 

= 

-76.8477 

Centroid 

8 

2 

Trz 

s 

-192.119 

Centroid 

9 

3 

rT 

= 

346.753 

Centroid 

10 

3 

= 

619.645 

Centroid 

11 

3 

% 

s 

64.4932 

Centroid 

12 

3 

= 

-161.234 

Centroid 

The  second  item  of  information  shown  in  Figure  III-D.17 
is  the  element  forces  (MATRIX  FORCES).  These  forces  are 
defined  with  respect  to  the  Global  Coordinate  System.  The 
Matrix  Force  Vector  is  a  27  x  1  vector  since  each  triangle 
has  three  element  forces  defined  per  point  (FR,  FQ,  Fz) 

with  three  points  per  element.  Since  three  triangular  ring 
elements  were  used  in  this  analysis,  the  size  of  the  vector 
is  27  x  1.  The  ordering  of  the  Matrix  Forces  is  as  follows: 
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The  final  item  of  information  contained  in  Figure 
is  the  vector  of  reactions  (MATRIX  REACT).  This  vector  i s  a 
15  x  1  since  there  are  5  node  points  associated  with  this  prob¬ 
lem  and  three  associated  degrees  of  freedom  per  node  point. 

From  the  figure  it  is  seen  that  all  of  the  reactions  are 
effectively  equal  to  zero  which  is  mandatory  for  this  type 
of  loading. 
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FIGURE  ni-D.ll  TITUS  AND  MATERIAL  DATA  OUTPUT,  THICK  WALLED  DISK 
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TTOtJRE  HI-D.12  GRID  POINT  DATA  AHD  BOUNDARY  CONDITION  OUTPUT,  THICK  WALLED  DISK 
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FIGURE  m-0.17  STRESS,  FORCE  ARD  REACTION  OUTPUT,  TRICK  WALLED  DISK 


E.  THIN  WALLED  CYLINDER,  EDGE  LOADING 

A  thin  walled  cylinder  is  shown  in  Figure  III-E.l, 
along  with  its  loading,  dimensions,  and  pertinent  material 
properties.  This  cylinder  is  idealized  using  two  toroidal 
thin  shell  ring  elements.  The  preprinted  input  data  forms 
associated  with  this  cylinder  are  shown  in  Figures  III-E.2 
through  III-E.10. 

In  Figure  III-E.6  (Boundary  Condition  Section)  the 
User  should  note  that  all  nine  degrees  of  freedom  are  re¬ 
quired  for  the  Toroidal  Ring  Element  (u,  0,  w,  0,  u',  0,  w', 
0,  w"). 


In  Figure  III-E.7  (External  Loads  Section)  the 
following  items  are  evident. 

(1)  One  load  condition  is  entered. 

(2)  The  External  Applied  Load  Scalar  is  equal  to 
zero . 

(3)  Grid  point  number  2  is  loaded  by  the  following 
load  in  the  X(R)  direction. 

Fr  *  188495.4  lbs.  This  load  was  determined 
as  follows  (From  Figure  III-E.l). 

Fr  *  (1500  lbs./in.)(2nr) 

Fr  *  (1500) (2) (3.14) (20)  =  188,495.4  lbs. 

The  value  which  is  entered  for  the  applied  moment 
was  determined  as  follows:  (From  Fiugre  III-E.l). 

M  /n\  *  (1000  in.-lb./in.)(2irr)  * 
yCG'  125,663.6  in. -lb. 

(4)  All  three  entries  are  filled  in  for  the 
Toroidal  Ring  because  this  element  re¬ 
quires  three  external  jloafl  cards  per  grid 
point . 

In  Figure  III-E.9  (Element  Input  Section)  only  the 
MODAL  entry  is  employed.  This  means  that  the  two  Toroidal  Ring 
elements  employed  in  this  analysis  have  identical  Element 
Input  as  follows: 

Location  A  -  Thickness  *  3.0  inches 
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Location  B  -  TCJ3  *  0.0  (This  code  determines  the 

axis  of  reference  for  the  dis¬ 
play  of  displacement  behavior, 
in  this  case  the  axis  of  refer¬ 
ence  is  global). 

Location  C  -  Alpha  1  *  90.0  Degrees 

Location  D  -  Alpha  2  »  90.0  Degrees 

For  a  review  of  the  required  Element  Input  for  the 
Toroidal  Ring  the  reader  is  referred  to  Section  II-C.l6.d. 
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FIGURE  m-E.2  TITLE  INFORMATION,  THIN  WALLED  CYLINDER 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 
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FIGURE  III-E.3  MATERIAL  TAPE  INPUT,  THIN  WALLED  CYLINDER 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 
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FIGURE  III-E.4  SYSTEM  CONTROL  INFORMATION,  THIN  WALLED  CYLINDER 
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BAC  1622 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 

GRIDPOINT  COORDINATE 


FIGURE  III-E.5  GRIDPOINT  COORDINATES,  THIN  WALLED  CYLINDER 
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FIGURE  III-E.7  EXTERNAL  LOADS,  THIN  WALLED  CYLINDER 


* 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


EXTERNAL  LOADS 


MOMENT 


VALUES 


GENERALIZED 


1  2 


VALUES 


3 


nnnBnnnrnnnnnnnnpnrnmnnnnnnnnnnnnMEaanBDOBDBBDDCECiciQDHEiDDannoGna 


EIEIIIIIIIBII35333I3IE*  lllllll 

iiiiiiiiiiiiiiiiiiiihuhhii 
■iiiiiiiiiiiiiiiiiiiiiii  PHMHHVHIIIIIIIIH 

^HiiiiiiiiiiiiiiiiiiiiiiiiiiiiimimmiMiiii 


iiiiiiiiiiiiiiiiimiii 

iiiiiiiiiiiiiiiiiiiiiii 

iiiiiiiiiiiiiiiiimiii 

iiiiiiiiiiiiiiiiimiii 

iiiiiiiiiiiiiiiiiiiiiii 

iiiiiiiiiiiiiiiiiiiiiii 

iiiiiiiiiiiiiiiiiiiiiii 


iiiiiiiiiiiiiiiiiiiiiiii 

iiiiiiiiiiiiiiimiiiiii 


mimiimiimiiii 
miiiiiiiiiiimiii^^H 
iiimiiiiiimi!iiiiiiiiiiiii 
iniiHiiiiiimiiiiimnuii 

■■■■■■iiiiiiiiiiiH 


iiiiiiiiiiiiiiiiiiiiiiii 

iiiiiiiiiiiiiiiiiiiiiiii 

iiiiiiiiiiimimiiiigi 

iiiiiiiiiiiiiiiiiiiiiiii 


FIGURE  III-E.8  ELEMENT  CONTROL  DATA,  THIN  WALLED  CYLINDER 
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FIGURE  III-E.9  ELEMENT  INPUT,  THIN  WALLED  CYLINDER 
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FIGUU  II1-E.10  END  CARD,  THIN  WALLED  CYLINDER 


20k 


The  output  supplied  by  the  MAGIC  System  for  the  cylindrical 
shell  subjected  to  edge  loading  is  as  follows: 

Pigures  III-E.ll  through  III-E.15  display  the  output  from 
the  Structural  System  Monitor.  These  figures  display  the  input 
data  pertinent  to  the  particular  problem  being  solved. 

Figure  III-E.12  displays  the  coordinate  and  boundary  condi¬ 
tion  information  for  this  problem.  In  the  Boundary  Condition 
Section,  note  that  there  are  9  degrees  of  freedom  per  point  for 
the  toroidal  ring  element  as  follows: 

u,  o,  w,  o,  u’ ,  o,  w* ,  o,  w" 

The  reader  is  referred  to  Section  II.C-l6.d  of  this  report 
for  a  complete  description  of  the  meaning  and  significance  of 
the  above  degrees  of  freedom. 

In  Figure  III-E.13  the  finite  element  information  is  dis¬ 
played.  Under  the  section  External  Input  for  Elements  1  and  2 
the  first  entry  printed  is  the  element  thickness  of  3.00.  The 
next  entry  printed  is  the  control  input,  TC0,  which  defines  the 
axis  of  reference.  In  this  case  TC0  *  0.0  which  causes  the 
displacement  behavior  to  be  referenced  to  the  Global  System  Axis. 
The  next  two  entries  printed  are  the  quantities  oti  and  a2  res¬ 
pectively.  These  are  defined  as  the  angles  measured  in  degrees 
from  the  axis  of  symmetry  to  a  line  which  is  perpendicular  to  the 
tangent  to  the  surface  at  node  points  1  and  2  respectively. 

Since  this  particular  problem  is  a  cylinder,  oi  *  a2  *  90.0 
degrees. 

System  level  matrix  output  of  final  results  is  handled  by 
the  FORMAT  standard  matrix  print  capability.  These  results 
are  shown  in  Figures  III-E.15  through  III-E.17. 

Figure  III-E.15  shows  the  assembled  and  reduced  stiffness 
matrix.  The  stiffness  matrix  is  presented  row-wise  and  only 
non-zero  terms  are  displayed.  The  ordering  of  the  stiffness 
matrix  is  consistent  with  that  of  the  boundary  conditions  shown 
in  Figure  III-E.12.  For  this  case  the  order  of  the  displace¬ 
ment  vector  is  as  follows: 


{q }T  *  [_U2,  w„  u2’,  w2‘,  w2\  us,  w$.  u3',  w3',  w3J 
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The  first  item  of  information  presented  in  Figure  III-E.16 
is  the  reduced  Externally  Applied  Load  Vector  (LOADR).  The  size 
of  this  vector  is  10  x  1.  This  is  true  because  there  are  10 
degrees  of  freedom  in  the  reduced  stiffness  matrix.  There  are 
two  non-zero  values  of  force  shown  in  this  vector.  These  values 
correspond  to  reduced  degrees  of  freedom  (REDDOF)  6  and  8.  From 
the  Boundary  Condition  Section  (Figure  III-E.13)  it  is  seen  that 
the  first  force  corresponds  to  an  applied  force  of  188490.0 
acting  in  the  R  direction  of  node  point  3  while  the  second  is 
the  applied  moment  of  125660.0  causing  bending  about  the  Y(0) 
axis.  The  vector  of  displacements  (DISPR)  is  also  presented  in 
Figure  III-E.16.  This  vector  is  also  a  10  x  1  due  to  the 
reasons  which  were  previously  cited.  The  ordering  of  the  dis¬ 
placement  vector  is  consistent  with  that  of  the  boundary  condi¬ 
tions  shown  in  Figure  III-E.13.  The  ordering  of  the  displace¬ 
ment  vector  is  as  follows: 


MATRIX  DISPR 


REDDOF 

NODE  POINT 

D.O.F. 

DISPL.  VALUE 

1 

2 

u 

-0.00134100 

2 

2 

w 

0.000058635 

3 

2 

u' 

-0.000164288 

4 

2 

w* 

0.000007016 

5 

2 

w" 

0.000030511 

6 

3 

u 

0.0245307 

7 

3 

w 

-0.000983503 

8 

3 

u» 

0.00447184 

9 

3 

w' 

-0.000345566 

10 

3 

w" 

0.000202298 

The  next  item  of  information  shown  in  the  figure  is  the 
vector  of  element  stresses  (STRESS).  The  size  of  the  element 
stress  matrix  is  30  x  1.  In  the  toroidal  ring  element,  stresses 
are  evaluated  at  the  two  ends  of  the  element  as  well  as  at  the 
midspan  of  the  element. 
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+  +  units* 


force 

length 


,  0  1  £  B 

where  A9  =  -  4-r- 

2  B 

and  B  is  a  metric  parameter  which  is  explicitly  defined  in 
Volume  I,  Section  J,  Equation  l8o. 
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The  ordering  of  the  stress  matrix  is  as  follows:  (Note  that 
only  non-zero  terms  are  displayed. 


MATRIX  STRESS 


NRSEL 

ELEMENT 

STRESS 

NODE  POINT 

1 

1 

T^  *  -129.553 

2 

2 

1 

Tg  =  -642.314 

2 

3 

1 

Mg  *  -226.319 

2 

4 

1 

M?  =  67.8958 

2 

5 

1 

*  148.283 

2 

6 

1 

T?  =  21.1932 

midspan 

7 

1 

Tg  «  -27.5149 

midspan 

8 

1 

Mg  *  161.033 

midspan 

9 

1 

M^  *  -48.3098 

midspan 

10 

1 

Q?  «  -23.9065 

midspan 

11 

1 

T^  -  0.0000039  *  0 

1 

12 

1 

Tg  «  -0.000062  «  0 

1 

13 

1 

Mg  «  -0.0001029  -  0 

1 

14 

1 

M^  -  -0.00000264  «  0 

1 

15 

1 

Qs  «  22.9380 

1 
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MATRIX  STRESS  (CONTD) 


NRSEL 

ELEMENT 

STRESS 

NODE  POINT 

16 

2 

t5  *  221.507 

3 

17 

2 

Tg  «  11105.3 

3 

18 

2 

Mg  -  -1500.56 

3 

19 

2 

M^  «  450.168 

3 

20 

2 

q5  »  -922.321 

3 

21 

2 

T^  «  -41.6175 

midspan 

22 

2 

Tg  «  1.93298 

midspan 

23 

2 

Mg  -  -2515.90 

midspan 

24 

2 

M^  «  754.770 

midspan 

25 

2 

q5  -  381.529 

midspan 

26 

2 

T^  «  -129.552 

2 

27 

2 

Tg  «  -642.311 

2 

28 

2 

Mg  «  -226.319 

2 

29 

2 

M^  -  67.8961 

2 

30 

2 

q5  -  -166.911 

2 

The  element  forces  are  presented  in  Figure  III-E.17.  The 
Matrix  Force  vector  is  a  36  x  1  vector  for  the  following  reason. 
Each  toroidal  ring  element  is  defined  by  two  node  points.  There 
are  nine  forces  per  node  point  which  correspond  to  the  nine  dis¬ 
placement  degrees  of  freedom  per  point.,  i.e. 

{Disp}T  *  |_u,  o,  w,  o,  u’,  o,  w*,  o,w||J 

The  interpretation  of  the  forces  is  dependent  upon  the  code  TC0 
which  was  used  in  the  element  input  section.  A  code  of  TC0 
*  -1.0  references  the  displacement  behavior  and  the  force 
behavior  to  the  element  axes.  A  code  of  TC0  *  0.0  (which  was 
used  in  this  particular  problem)  references  the  displacement  and 
force  behavior  to  the  Global  System  Axis.  The  ordering  of  the 
force  output  is  as  follows: 

(Force}T  *  |_FR»  0,  Fg,  0,  Mg,  0,  Fi,  0,  F3 J 


where  PR  is  the  force  in  the  system  radial  direction 

Fz  is  the  force  in  the  system  axial  direction 

Mg  is  the  meriodional  moment 

Fi  and  Fj  are  the  generalized  forces  corresponding 
to  the  w'  and  w"  respectively 

There  are  a  total  of  18  forces  given  per  element  (9  at  each  end). 
Since  there  are  two  elements  used  in  this  analysis,  the  vector 
of  Matrix  Forces  is  of  the  order  36  x  1.  The  ordering  of  these 
MATRIX  FORCES  is  as  follows: 


MATRIX  FORCES 


D.O.F. 

ELEMENT  NO. 

FORCE 

NODE  POINT 

1 

1 

Fr  *  -13691.7 

2 

2 

1 

2 

3 

1 

Fz  «  0.0711212 

2 

4 

1 

2 

5 

1 

Mg  -  -9446.86 

2 

6 

1 

2 

7 

1 

Fx  *  -34514.0 

2 

8 

1 

2 

9 

1 

Fs  «  26589.6 

2 

10 

1 

Fr  -  -1806.08 

1 

11 

1 

1 

12 

1 

Fz  =  -0.0694885 

1 

13 

1 

1 

14 

1 

Mg  *  -964.453 

1 

15 

1 

1 

16 

1 

Fx  -  7841.03 

1 

17 

1 

1 

18 

1 

Fs  *  8589.15 

1 

MATRIX  FORCES  (CONTD) 


D.O.F. 

ELEMENT  NO. 

FORCE 

NODE  POINT 

19 

2 

Fr  =  188500.0 

3 

20 

2 

3 

21 

2 

Fz  =  -0.00402832 

3 

22 

2 

3 

23 

2 

Mg  *  125660.0 

3 

24 

2 

3 

25 

2 

F i  =  0.0185547 

3 

26 

2 

3 

27 

2 

Fj  =  -0.140625 

3 

28 

2 

Fr  =  13691.7 

2 

29 

2 

2 

30 

2 

Fz  =  -0.0653076 

2 

31 

2 

2 

32 

2 

Mg  =  -9446.86 

2 

33 

2 

2 

34 

2 

Fi  *  34514.0 

2 

35 

2 

2 

36 

2 

Fs  *  -26589.6 

2 

Note  again  that  for  this  particular  problem,  the  forces  are 
referenced  to  the  Global  System  Axes.  If  the  Code  TC0  ■  -1.0 
would  have  been  used  the  force  behavior  would  have  been 
referenced  to  the  element  axis  and  would  have  had  the  following 
form: 


(Force}T  *  |_Pm>  o,  Fn,  o,  Mg,  o,  Ft,  o,  FjJ 


where 


m 


n 


M, 


is  the  membrance  force 
is  the  normal  force 
is  the  meriodional  moment 


F i  and  Fj 


are  the  generalized  forces  corresponding 
to  the  w’  and  w"  respectively. 


The  final  item  of  information  contained  in  Figure  III-E.17 
is  the  vector  of  reactions  (MATRIX  REACT).  This  vector  is  of 
the  size  27  x  1  since  there  are  three  node  points  associated 
with  this  problem  and  provision  for  nine  associated  degrees  of 
freedom  per  point.  The  reactions  are  read  row-wise  and  are 
interpreted  as  follows: 


MATRIX  REACT 


D.O.F. 

REACTION 

NODE  POINT 

1 

PRR  =  -1806.08 

1 

2 

1 

3 

PRZ  *  -0.0694885 

1 

4 

1 

5 

MrB  =  “964.453 

1 

6 

1 

7 

FR1  =  7841.03 

1 

8 

1 

9 

Fr3  =  8589.15 

1 

(10-27) 

(2  and  3) 
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FIGURE  III-E.16  LOAD,  DISPIACEMENT  AND  STRESS  OUTPUT,  THIN  WALLED  CYLINDER 


MATRIX  FORCES 
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P.  SQUARE  PLATE  -PARABOLIC  MEMBRANE  LOADING  (Quadrilateral 
Thin  Shell  Idealization) 

An  isotropic,  square  plate  under  the  action  of  a 
parabolic  membrane  loading  is  shown  in  Figure  III-F.l,  along 
with  its  dimensions  and  pertinent  material  properties.  The 
plate  is  idealized  utilizing  one  quadrilateral  thin  3hell  ele¬ 
ment  . 


The  preprinted  input  data  forms  associated  with  this 
example  are  shown  in  Figures  III-F.2  through  III-F.10. 

In  Figure  III-F.5  (Grid  Point  Coordinate  Section)  it 
can  be  seen  that  only  the  grid  point  coordinates  for  the  four 
corner  points  of  the  element  are  entered.  The  coordinates 
aaoociated  with  mid-point  nodes  are  calculated  internally  by 
the  MAGIC  System. 

In  Figure  III-F.6  (Boundary  Condition  Section)  It  is 
instructive  to  note  the  extensive  use  of  the  Repeat  option. 

Grid  point  5  has  identical  boundary  conditions  as  grid  point  2, 
therefore  the  Repeat  option  is  exercised  by  placing  an  * X *  in 
column  12  opposite  the  entry  for  Grid  Point  Number  5.  The 
same  procedure  is  also  used  for  Grid  Points  3,  and  7  as  well 
as  for  Grid  Points  ^  and  8.  (MODAL  entry  pertains  to  Grid 
Point  1  and  to  Grid  Point  6  which  is  suppressed). 

In  Figure  III-F.7  (External  Loads  Section)  Grid 
Points  2  and  3  have  applied  external  loading.  Note  that  there 
are  2  external  load  cards  per  grid  point. 

In  Figure  III-F.8  (Element  Control  Data  Section)  the 
following  information  is  of  importance. 

(1)  Mid-point  node  number  6  is  suppressed.  The 

element  is  therefore  numbered  1,  2,  3,  5»  0, 

7,  8.  These  entries  are  made  in  the  first 
eight  locations  of  the  node  point  section  as 
shown  in  Figure  III-F.8. 

(2)  The  numbers  '1'  and  *2'  are  entered  In  loca¬ 
tions  9  and  10  of  the  node  point  portion  of  the 
Element  Control  Section.  These  two  points  de¬ 
fine  the  X  direction  for  the  material  proper¬ 
ties  axes.  This  allows  the  User  to  effective¬ 
ly  define  stress  output  direction.  The  same 
two  points  used  for  the  reference  element  can 
also  be  used  for  each  following  element  (if 
they  exist)  so  that  the  output  has  a  common 

re ference . 
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FIGURE  t?3  -  t.l  -  Ideal lx ed'8quare  Plate  With  PhxhholicvMeaWeae  loading 
(Quadrilateral  Thin  Shell  Idealization] 


In  Figure  III-F.9  (Element  Input  Section)  only  one 
item  of  information  is  entered  in  Location  A  as  follows: 

Location  A  -  Membrane  Thickness  -  (t  )  =0.10 

'  m' 


22.U 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


GURE  III-F.3  MATERIAL  TAPE  INPUT,  SQUARE  PLATE  (QUADRILATERAL  THIN  SHELL  IDEALIZATION) 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


SYSTEM  CONTROL  INFORMATION 


ENTER  APPROPRIATE  NUMBER,  RIGHT 
ADJUSTED,  IN  BOX  OPPOSITE 
APPLICABLE  REQUESTS 


1.  Number  of  System  Grid  Points 


1  2  3  4  5  6 


2. 

Number  of  Input  Grid  Points 

in 

j 

□ 

3. 

Number  of  Degrees  of  Freedom/Grid  Point 

7 

9 

■10 

U  12 

rra 

13  14 

4. 

Number  of  Load  Conditions 

M 

15 

16 

5. 

Number  of  Initially  Displaced  Grid  Points 

□ 

n 

□ 

□ 

□ 

□ 

17  18  19  20  21 

722 

6. 

Number  of  Prescribed  Displaced  Grid  Points 

i 

□ 

□ 

□ 

□ 

□ 

7. 

Number  of  Grid  Point  Axes  Transformation 
Systems 

23 

24 

25 

I  2( 

527 

■  28 

n 

□ 

29 

30 

8. 

Number  of  Elements 

n 

n 

□ 

□ 

0 

Number  of  Requests  and/or  Revisions  of 
Material  Tape. 

31 32  33  34 

•35 

36 

9. 

□ 

0 

10. 

Number  of  Input  Boundary 

Condition  Points 

37 

38 

□ 

r 

□ 

n 

G 

0 

T  1 

Tq  For  Structure  (With  Decimal  Point) 

39  40  41 42  43  44 

xx  # 

0 

1 

0 

r 

□ 

r 

r 

□ 

45  46  4748  49  50  51 

•  52 

0 

0 

0 

[tJ 

B 

0 

1 

2 

3 

4 

5 

6 

8 


FIGURE  III-F.4  SYSTEM  CONTROL  INFORMATION,  SQUARE  PLATE 
(QUADRILATERAL  THIN  SHELL  IDEALIZATION) 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


BOUNDARY  CONDITIONS 


FIGURE  III-F.6  BOUNDARY  CONDITIONS,  SQUARE  PLATE 

(QUADRILATERAL  THIN  SHELL  IDEALIZATION)  229 


FIGURE  III-F.7  EXTERNAL  LOADS,  SQUARE  PLATE 

(QUADRILATERAL  THIN  SHELL  IDEALIZATION) 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


EXTERNAL  LOADS 


MOMENT  VALUES 


BQQCBBBGEBBQCBBQBQflBBQBEB&BBOEHEDHBBQBHDHEQBGQGIBQDHBBBBiilQQQDEll 


GENERALIZED 


2 


1 

1 

2 

VALUES 
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FIGURE  III-F.9  ELEMENT  INPUT,  SQUARE  PLATE 

(QUADRILATERAL  THIN  SHELL  IDEALIZATION) 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


CHECK  OR  END  CARD 


E 

E 

1 

0 

K 

TTTTT 

E 

N 

0 

1  X  A 

(/) 

(/) 


FIGURE  III- F. 10  END  CARD,  SQUARE  PLATE 

(QUADRILATERAL  THIN  SHELL  IDEALIZATION) 
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The  output  supplied  by  the  MAGIC  System  for  the  thin 
square  plate  subjected  to  parabolic  loading  and  idealized 
with  one  quadrilateral  thin  shell  element  is  as  follows: 

Figures  III-F.ll  thru  III-F.13  display  the  output  from 
the  Structural  Systems  Monitor.  These  figures  record  the 
input  data  pertinent  to  the  problem  being  solved. 

In  Figure  III-F.12,  the  finite  element  information  is 
shown.  Under  the  section  titled  External  Input,  the  first 
entry  printed  has  a  numerical  value  of  0.0999999*  This  value 
is  equal  to  the  membrane  thickness  of  the  plate  being  analyzed. 

Figure  III-F.13  displays  the  External  Load  Column  for 
this  problem.  The  48  x  1  vector  shown  in  the  figure  is  the 
total  unreduced  transformed  external  load  column  which  is 
read  row-wise.  The  ordering  is  consistent  with  that  of  the 
boundary  condition  Information  shown  in  Figure  III-F.12.  An 
external  load  of  667.67  is  applied  at  node  point  2  and  also  a 
load  of  400.0  is  applied  at  node  point  3  both  in  the  positive 
Global  X  direction. 

System  level  matrix  output  of  final  results  is  handled 
by  the  FORMAT  standard  matrix  print  capability.  These  results 
are  shown  in  Figures  III-F. l4  thru  III-F.16.  Figure  III-F. 14 
shows  the  reduced  s-ciffness  matrix  for  this  problem.  Only 
non-zero  terms  in  the  stiffness  matrix  are  displayed.  The 
stiffness  matrijc  is  presented  row-wise  and  its  ordering  is 
consistent  with  that  of  the  boundary  conditions  shown  in 
Figure  III-F.12.  For  this  case,  the  ordering  of  the  displace¬ 
ment  vector  is  as  follows: 

T 

I'M*  |_u2,  u3,  v3,  v„,  u5,  u?,  v7,  vgj 


The  reduced  externally  applied  load  vector  (LOADR)  is 
presented  in  Figure  III-F. 15*  The  size  of  this  vector  is  8  x  1. 
This  is  true  because  there  are  8  degrees  of  freedom  in  the 
reduced  stiffness  matrix.  There  are  2  non-zero  values  of  force 
shown  in  this  vector.  From  the  figure  it  is  seen  that  the  force 
values  presented  correspond  to  reduced  degrees  of  freedom  (REDDOF) 
1  and  2.  From  the  Boundary  Condition  Information  (Figure  III-F. 
12)  it  is  seen  that  these  correspond  to  forces  in  the  global  X 
direction  at  node  points  2  and  3  having  numerical  values  of  667.67 
and  400.0  respectively.  The  vector  of  displacements  (DISPR)  is 
the  next  item  of  information  presented  in  Figure  III-F. 15*  This 
vector  is  an  8  x  1  since  there  are  8  degrees  of  freedom  remain¬ 
ing  after  assembly  and  reduction.  The  ordering  of  the  displace¬ 
ment  vector  is  consistent  with  that  of  the  boundary  conditions 
shown  in  Figure  III-F.12  and  is  shown  as  follows: 
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1  *  }  =  Lu; 


u 


v. 


3*  3* 


v4» 


Displacements  are  referenced  to  the  global  axis  of 
reference  unless  otherwise  indicated.  The  Matrix  DISPR  is 
interpreted  as  follows: 


MATRIX  DISPR 


REDDOF 

NODE  POINT 

D.O.F. 

DISP.  VALUE 

1 

2 

u 

0.000510389 

2 

3 

u 

0.000201391 

3 

3 

V 

-0.000021236 

4 

4 

V 

-0.000140178 

5 

5 

u 

0.000252377 

6 

7 

u 

0.000112433 

7 

7 

V 

-0.000119797 

8 

8 

V 

-0.000091029 

The  final  item  of  information  shown  in  Figure  III-F.15 
is  the  stress  matrix  (MATRIX  STRESS).  The  stress  matrix  is  of 
the  order  40  x  1  due  to  the  following.  Eight  Stress  resultants 
are  evaluated  at  each  corner  point  of  the  element  and  also  at 
the  intersection  of  the  diagonals  which  connect  the  opposite 
corner  points  of  the  element.  The  stress  resultants  are 
defined  as  follows: 
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The  following  sketches  show  the  proper  manner  in  which  to 
interpret  the  stress  resultants. 


236 


The  stress  vector  is  in  general  referenced  to  the  element 
coordinate  system.  For  the  quadrilateral  or  triangular  thin 
shell  elements  however,  the  User  has  the  option  of  specifying 
material  or  stress  axes  in  order  to  effectively  define  stress 
output  direction.  This  is  accomplished  by  utilizing  locations 
9  and  10  or  11  and  12  of  the  node  point  portion  of  the  Element 
Control  Section.  In  this  particular  problem  the  numbers  '1' 
and  '2'  were  entered  in  locations  9  and  10  of  the  node  point 
portion  of  the  Element  Control  Section.  These  two  points 
define  the  X  direction  of  the  material  properties  axes. 

(Positive  X  from  node  point  1  to  node  point  2.)  This  axis  of 
reference  then  becomes  the  reference  axis  for  the  stress  output. 
The  ordering  of  the  stress  matrix  is  as  follows:  (Note  that 
only  non-zero  terms  are  printed  in  the  output  display.) 


MATRIX  STRESS 


NRSEL 


STRESS  RESULTANT  1 

NODE  POINT 

Nx  =  88.9985 

1 

N  =  -15.2888 

1 

N  =  -0.00000117 

1 

Nx  =  106.172 

2 

Ny  =  27.8697 

2 

N  =  -22.2835 

1  xy 

2 

Nv  =  30.5088 

3 

N  =  5.17088 

3 

Nxy  =  -2-4l999 

3 

N  =  27.6819 

4 

Ny  =  3.72625 

4 

Nxy  =  -2.69847 

4 

Nx  =  63.5077 

(Int .  of  Diag. ) 

Ny  =  -10.7390 

(Int.  of  Diag. ) 

Nxy  =  -1.73356 

(Int.  of  Diag. ) 

,  - -  -  .  -  ■  .  .  —  . 

Figure  III-F.16  displays  the  vector  of  Matrix  Forces. 

These  forces  are  defined  with  respect  to  the  Global  Coordinate 
System.  The  Matrix  Force  Vector  is  a  48  x  1  vector  for  the 
following  reason.  The  quadrilateral  thin  shell  element  is 
defined  by  eight  node  points  (4  cornerpoints  and  4  mid-side 
node  points).  Since  there  are  six  forces  per  node  point 
(FX>  fY>  fZ>  My>  Mz)  a  total  of  48  forces  per  element  are 

defined.  The  ordering  of  the  Matrix  Forces  is  as  follows. 

(See  Figure  III-F.l  for  the  element  numbering  sequence.) 


MATRIX  FORCES 


D.O.F. 


ELEMENT  NO. 


FORCE 


=  -225.893 
=  23.6373 
=  667.670 
=  -141.051 
=  400.000 

=  0.00000381  =  0 
=  -122.911 
=  0.0000305  =  0 
=  0.0000591  =  0 
=  117.413 

=  0.00000343  =  0 
=  -0.00000996  =  0 
=  -718.866 
=  -0.0000153  =  0 


NODE  POINT 


Note  that  for  this  particular  problem  Mid-Side  Node  #6 
was  suppressed. 


The  final  item  of  information  contained  in  Figure  III-F.16 
is  the  vector  of  reactions  (MATRIX  REACT).  This  vector  is  a 
1)8  x  1  since  there  are  eight  node  points  associated  with  this 
problem  and  six  associated  degrees  of  freedom  per  node  point. 

The  reactions  are  read  row-wise  and  are  interpreted  as  follows: 
(Note  that  the  reactions  are  referenced  to  the  Global  Coordinate 
System) . 


MATRIX  REACT 


D.O.F. 

REACTION 

NODE  POINT 

1 

PRX 

= 

-225.893 

1 

2 

PRY 

= 

23.6375 

1 

7 

PRX 

= 

-0.000069 

=  0 

2 

8 

PRY 

= 

-141.051 

2 

13 

PRX 

= 

-0.000046 

=  0 

3 

i4 

PRY 

= 

-0.000004 

=  0 

3 

19 

PRX 

= 

-122.911 

4 

20 

PRY 

= 

0.00003  = 

0 

4 

25 

PRX 

= 

0.00006  = 

0 

5 

26 

PRY 

= 

117.il13 

5 

37 

PRX 

= 

0.00003  = 

0 

7 

38 

PRY 

= 

-0.000009 

=  0 

7 

43 

PRX 

= 

-^'18.866 

8 

44 

PRY 

= 

0.00002  = 

0 

_ 

8 
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FIGURE  III-F.ll  TITLE  AND  MATERIAL  DATA  OUTPUT,  SQUARE  PLATE  (QUADRILATERAL  THIN  SHELL  IDEA II Z AT ION) 
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FIGURE  III-F.15  LOAD,  DIS PLACEMENT  AND  STRESS  OUTPUT,  SQUARE  PLATE  (QUADRILATERAL  THIN  SHELL  IDEALIZATION) 
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G.  SQUARE  PLATE  -  NORMAL  PRESSURE  LOADING  - 

(Quadrilateral  Thin  Shell  Idealization) 

A  simply  supported  isotropic  square  plate,  under  the 
action  of  normal  pressure  loading  is  shown  in  Figure  III-G.l 
along  with  its  dimensions  and  pertinent  material  properties. 
This  plate  is  idealized  utilizing  one  quadrilateral  thin 
shell  element. 

The  preprinted  input  data  forms  associated  with  this  ex¬ 
ample  are  shown  in  Figures  III-G.2  'through  III-G.ll. 

In  Figure  III-G.5  (Gridpoint  Coordinate  Section)  it  can 
be  seen  that  only  the  gridpoint  coordinates  for  the  four  cor¬ 
ner  points  of  the  element  are  entered.  The  coordinates  asso¬ 
ciated  with  mid-point  modes  are  calculated  internally  by  the 
MAGIC  System. 

In  Figure  III-G.6  (Gridpoint  Pressure  Section)  the  MODAL 
entry  is  used  for  the  input  pressure  values.  This  entry 
means  that  the  normal  pressures  are  acting  at  every  grid  point 
with  a  value  of  -1.0  psi.  The  sign  of  the  pressure  is  minus 
since  its  direction  is  in  the  negative  element  Zgdirection. 

In  Figure  III-G.7  (Boundary  Condition  Section)  it  is  in¬ 
structive  to  note  the  nature  of  the  boundary  conditions  which 
apply  to  each  grid  point  (see  Figure  III-G.l).  Let  us  ex¬ 
amine  the  Listed  Input  (Exceptions  to  the  MODAL  Card)  first. 

(1)  Grid  Point  Number  1  (center  of  plate)  has  an  unknown 
displacement  in  the  w  direction,  all  others  are  zero 
due  to  symmetry. 

(2)  Grid  Point  Number  2  has  an  unknown  rotation,  0  . 

The  others  are  Zero  due  to  the  fact  that  the  grid- 
point  2  is  a  point  of  simple  support. 

(3)  Grid  Point  Number  3  has  all  degrees  of  freedom 
fixed.  This  is  due  to  the  fact  that  this  is  the 
point  where  the  simple  supports  meet  restricting  ro¬ 
tation  in  the  ©x  and  9y  directions. 

(4)  Grid  Point  Numbers  5  and  8  are  repeated  and  also 

have  all  degrees  of  freedom  fixed.  These  are  mid¬ 
side  nodes  and  the  only  possible  degrees  of  freedom 
allowed  are  u,  v,  and  9  (9  normal).  Since  this  is 

a  pure  bending  problem, nu  and  v  are  equal  to  zero. 
Since  Grid  Points  5  and  8  lie  along  symmetric  boun¬ 
daries  0  equals  zero. 
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The  MODAL  card  is  now  examined  for  the  remaining  grid 
points.  Since  Grid  Point  Numbers  1,  2,  3>  5>  and  8  were 
called  cut  under  Listed  Input,  the  MODAL  entry  pertains  to 
Grid  Point  Numbers  4*  6,  and  f. 

(1)  Grid  Point  Number  4  has  an  unknown  rotation,  0  . 
The  others  are  zero  since  Grid  Point  4  is  a 
point  of  simple  support. 

(2)  Grid  Points  6  and  7  are  mid-side  nodes  and  the 
only  possible  degrees  of  freedom  allowed  are  u,  v, 
and  ©n  (0  normal).  Since  this  is  a  pure  bending 
problem,  u  and  v  are  equal  to  zero.  However, 
there  is  an  unknown  slope  0  ,  associated  with 
these  grid  points.  The  Codi  (0,  1,  2)  associated 
with  these  normal  slope  values  is  always  entered 
in  the  0  location  for  consistency. 

A 

In  Figure  III-G.8  (External  Loads  Section)  the  follow¬ 
ing  information  is  evident. 

(1)  One  load  cond.  tion  is  input 

(2)  The  External  Applied  Load  Scalar  equals  1.0 

(3)  The  MODAL  option  is  employed  and  External  Force 
and  Moment  values  of  0.0  are  entered  in  the  appro¬ 
priate  locations.  Since  the  Quadrilateral  Thin 
Shell  Element  is  formulated  with  six  degrees  of 
freedom  per  point,  two  external  load  cards  per 
grid  point  are  required. 

The  Element  Applied  Load  Scalar  was  set  equal  to  1.0 
because  of  the  following: 

Total  Load  =  External  Loads  +  EALS  (Element  Applied  Loads) 
Since  the  External  Loads  are  equal  to  zero,  and  the  EALS  = 


1.0 

Total  Load  =  Element  Applied  Load 

These  are  the  correct  loads  since  for  this  case  the 
Element  Applied  Loads  are  equal  to  the  normal  pressure  loads. 

In  Figure  III-G.9  (Element  Control  Data  Section)  the 
following  information  is  of  importance. 
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(1)  The  numbers  *  1  *  and  *2'  are  entered  in  locations 
11  and  12  of  the  node  point  portion  of  the  Ele¬ 
ment  Control  Section.  These  two  points  define 
the  direction  of  the  (X)  stress  axis.  With  this 
definition,  the  stresses  in  the  other  directions 
retain  their  proper  orientation  with  respect  to 
this  axis.  It  should  be  noted  that  the  stress 
axis  determination  is  element  related  and  there¬ 
fore  if  locations  11  and  12  are  used  for  stress 
directions,  then  each  following  element  (if  they 
exist)  must  be  considered  separately  and  node 
points  related  to  that  particular  element  would  be 
used  in  determining  the  stress  direction. 

In  Figure  III-G.10  (Element  Input  Section)  only  one 
item  of  information  is  entered  in  Location  B  as  follows: 

Location  B  -  Flexural  Thickness  (t^)  =  0.10 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 
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FIGURE  III-G.2  TITLE  INFORMATION,  SIMPLY  SUPPORTED  PLATE 
(QUADRILATERAL  THIN  SHELL  IDEALIZATION) 
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4.  Number  of  Load  Conditions 


5.  Number  of  Initially  Displaced  Grid  Points 
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7.  Number  of  Grid  Point  Axes  Transformation 
Systems 


8.  Number  of  Elements 
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Material  Tape. 
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FIGURE  III-G.4  SYSTEM  CONTROL  INFORMATION,  SIMPLY  SUPPORTED 
PLATE  (QUADRILATERAL  THIN  SHELL  IDEALIZATION) 
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BAC  1622 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 

GRIDPOINT  COORDINATE 


FIGURE  III-G.5  GRIDPOINT  COORDINATES,  SIMPLY  SUPPORTED  PLATE 
(QUADRILATERAL  THIN  SHELL  IDEALIZATION) 
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FIGURE  III-G.6  GRID POINT  PRESSURES,  SIMPLY  SUPPORTED  PLATE 
(QUADRILATERAL  THIN  SHELL  IDEALIZATION) 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


BOUNDARY  CONDITIONS 


INPUT  CODE  •  0  •  No  Displacement  Allowed 

1  •  Unknown  Displacement 

2  •  Known  Displacement 
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FIGURE  III-G.7  BOUNDARY  CONDITIONS,  SIMPLY  SUPPORTED  PLATE 
(QUADRILATERAL  THIN  SHELL  IDEALIZATION) 
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FIGURE  III-G.S  EXTERNAL  LOADS,  SIMPLY  SUPPORTED  PLATE 

(QUADRILATERAL  THIN  SHELL  IDEALIZATION)  258 
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FIGURE  III-G.10  ELEMENT  INPUT,  SIMPLY  SUPPORTED  PLATE 
(QUADRILATERAL  THIN  SHELL  IDEALIZATION) 
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FIGURE  III-G.II  END  CARD,  SIMPLY  SUPPORTED  PLATE 

(QUADRILATERAL  THIN  SHELL  IDEALIZATION) 
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The  output  supplied  by  the  MAGIC  System  for  the  simply 
supported  isotopic  square  plate  subjected  to  a  normal  pres¬ 
sure  load  and  idealized  using  one  quadrilateral  thin  shell 
element  is  as  follows: 

Figures  III-G.12  through  III-G. 14  display  the  output 
from  the  Structural  Systems  Monitor.  These  figures  record 
the  input  data  pertinent  to  the  problem  being  solved. 

The  Gridpoint  Data  Information  is  shown  in  Figure  III-G. 
13.  Note  that  pressures  of  -1.0  psi  are  applied  at  each 
gridpoint.  The  finite  element  information  is  also  shown  in 
Figure  III-G. 13 .  Under  the  section  titled  External  Input,  the 
second  entry  has  a  numerical  value  of  0.09999999.  This  value 
is  equal  to  the  flexural  thickness  of  the  plate  being  analyzed. 

Figure  III-G. l^J  displays  the  Transformed  External  Assem¬ 
bled  Load  Column.  Note  that  these  loads  are  all  equal  to  zero 
since  input  pressures  are  element  applied  loads. 

System  level  output  of  final  results  is  handled  by  the 
FORMAT  standard  matrix  capability.  These  results  are  shown 
in  Figures  III-G. 15  through  III-G.  17. 

Figure  III-G. 15  shows  the  assembled  and  reduced  stiffness 
matrix.  The  stiffness  matrix  is  read  row-wise  and  only  non¬ 
zero  terms  are  displayed.  The  ordering  of  the  stiffness  matrix 
is  consistent  with  that  of  the  boundary  conditions  shown  in 
Figure  III-G. 13.  For  this  case  the  displacement  vector  is 
ordered  as  follows: 


T 

{  9  \  Lwi,  0y2>  ex^»  en6»  ®n7  —I 


Where  8n^ 


normal  slope  at  node  point  i 
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Figure  III-G.16  displays  the  vector  of  Reduced  Element 
Applied  Loads  (MATRIX  FTELAR).  The  size  of  this  vector  is 
a  5  x  1,  since  there  are  five  degrees  of  freedom  remaining 
in  the  assembled  and  reduced  stiffness  matrix.  The  vector 
appears  as  follows  and  is  read  row-wise:. 


MATRIX  FTELAR 


REDDOF 

NODE 

POINT 

ELEMENT 

LOAD 

APPLIED 

VALUE 

1 

1 

FZ 

s 

-64.0000 

2 

2 

My 

at 

-102.400 

3 

4 

Mx 

M 

-102.400 

4 

6 

My 

at 

-136.533 

5 

7 

Hx 

at 

-136.533 

The  vector  of  displacements  (DISPR)  is  the  next  item 
of  information  presented  in  Figure  III-G.16.  This  vector 
is  also  a  5  x  1  since  there  are  five  degrees  of  freedom 
remaining  after  assembly  and  reduction.  The  ordering  of  the 
displacement  vector  is  consistent  with  that  of  the  boundary 
conditions  shown  in  Figure  III-G.13. 


T 

{q  }  -  L-V  ey2>  ex4>  en6>  en7J 


The  displacements  are  referred  to  the  global  axis  of 
reference  unless  otherwise  indicated. 


263 


The  MATRIX  DISPR  is  interpreted  as  follows: 


MATRIX  DISPR 


REDDOF 

NODE  POINT 

D.O.F. 

DISP.  VALUE 

1 

1 

w 

-1.55818 

2 

2 

ey 

-0.163346 

3 

4 

ex 

-0.163346 

4 

6 

en 

-0.117302 

5 

7 

en 

-0.117302 

The  final  item  of  information  presented  in  Figure  III- 
G.16  is  the  Stress  Matrix  (MATRIX  STRESS).  The  stress  matrix 
is  a  40  x  1  for  the  following  reason.  Eight  stress  resultants 
are  evaluated  at  each  corner  point  of  the  quadrilateral  and 
also  at  the  diagonal  intersection,  giving  a  total  of  40  stress 
resultants  per  element. 

The  stress  resultants  for  the  quadrilateral  thin  shell 
were  explicitly  defined  in  Section  III-G  (Square  Plate-Para¬ 
bolic  Membrane  Loading).  Sketches  were  also  provided  to 
facilitate  proper  interpretation  of  the  stress  resultants. 

The  stress  vector  is  in  general  referenced  to  the  element 
coordinate  system.  For  the  quadrilateral  or  triangular  thin 
shell  elements  however,  the  User  has  the  option  of  specifying 
material  or  stress  axes  in  order  to  effectively  define  stress 
output  direction.  This  is  accomplished  by  utilizing  locations 
9  and  10  or  11  and  12  of  the  node  point  portion  of  the  Element 
Control  Section.  In  this  particular  problem  the  numbers  1 1 ' 
and  '2'  were  entered  in  locations  11  and  12  of  the  node  point 
portion  of  the  Element  Control  Section  for  Element  Number  1. 
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These  two  points  define  the  x  direction  of  the  stress  axis 
(positive  x  from  node  point  1  to  node  point  2).  These  axes 
of  reference  then  become  the  reference  stress  axis. 


The  ordering  of  the  stress  matrix  is  as  follows: 


MATRIX  STRESS 


NRSEL 

ELEMENT 

STRESS  RESULTANT 

NODE  POINT 

4 

1 

Mx  «  -57.5059 

1 

5 

1 

M  *  -57.5059 

1 

6 

1 

Mxy«  -0.0000010  «  0 

1 

7 

1 

Qx  *  -2.86170 

1 

8 

1 

Qy  -  3.59377 

1 

12 

1 

Mx  *  -8.28234 

2 

13 

1 

M  «  -2.48470 

*7 

2 

14 

1 

Mxy«  2.50353 

2 

15 

1 

Qx  *  -4.32583 

2 

16 

1 

Qy  -  3.59377 

2 

20 

1 

Mx  *  -0.0000007  *  0 

3 

21 

1 

My  «  -0.0000019  »  0 

3 

22 

1 

Mxy»  36.7623 

3 

23 

1 

Qx  -  -4.32583 

3 

24 

1 

Qy  -  -3.59377 

3 

28 

1 

Mx  -  -7.13411 

4 

29 

1 

My  -  -12.9318 

4 

30 

1 

Mxy«  0.0000021  »  0 

4 
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MATRIX  STRESS 


NRSEL 

ELEMENT 

STRESS  RESULTANT 

NODE  POINT 

31 

1 

Qx  «  -2.86170 

4 

32 

1 

Qy  «  -3.59377 

4 

36 

1 

Mx  -  -34.1365 

Int.  of  Diag. 

37 

1 

My  -  -34.1365 

Int.  of  Diag. 

38 

1 

M  «  15.4824 

Int.  of  Diag. 

39 

1 

Qx  -  -3.59377 

Int.  of  Diag. 

40 

1 

Qy  »  -0.00000009*0 

— 

Int.  of  Diag. 

Figure  III-G.17  presents  the  vector  of  element  forces. 
(MATRIX  FORCES).  These  forces  are  defined  with  respect  to  the 
Global  Coordinate  System.  The  Matrix  Force  vector  is  a  48  x  1 
vector  for  the  following  reason.  The  quadrilateral  thin  shell 
element  is  defined  by  eight  node  points  (4  corner  points  and 
4  mid-side  node  points).  Since  there  are  six  forces  per  node 
point  (F^,  Fy,  Fg,  M^,  My,  M2)  a  total  of  48  forces  per  element 

are  defined.  Note  that  the  Mid-side  nodes  have  allowable 
degrees  of  freedom  equal  to  u,  v,  and  normal  slope  (9n).  There¬ 
fore,  in  a  flexure  problem,  the  moment  at  any  mid-side  node 
is  associated  with  the  normal  slope.  The  ordering  of  the 
Matrix  Forces  is  as  follows  (See  Figure  III-G.l  for  the  element 
numbering  sequence). 
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MATRIX  FORCES 


D.O.P. 

ELEMENT  NO. 

FORCE 

NODE  POINT 

3 

1 

pz 

a 

0.0000029  -  0 

1 

H 

1 

MX 

m 

-136.282 

1 

5 

1 

my 

M 

136.282 

1 

9 

1 

PZ 

m 

99.8212 

2 

10 

1 

Mx 

m 

252.536 

2 

11 

1 

My 

m 

0.0000296  -  0 

2 

15 

1 

pz 

m 

56.3576 

3 

16 

1 

Mx 

m 

-190.243 

3 

17 

1 

My 

m 

190.243 

3 

21 

1 

PZ 

m 

99.8212 

4 

22 

1 

MX 

a 

-0.000033  -  0 

4 

23 

1 

my 

a 

-252.536 

4 

28 

1 

mn 

a 

-376.872 

5 

3*J 

1 

mn 

a 

-0.00000  »  0 

6 

40 

1 

mn 

a 

-0.0000134  -  0 

7 

46 

1 

a 

376.872 

8 
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The  final  item  of  information  contained  in  Figure  III-G. 
17  is  the  vector  of  reactions  (MATRIX  REACT).  This  vector 
is  a  48  x  1  since  there  are  eight  node  points  associated  with 
this  problem  and  six  associated  degrees  of  freedom  per  node 
point.  The  reactions  are  read  row-wise  and  are  interpreted 
as  follows:  (Note  that  the  reactions  are  referenced  to  the 
Global  Coordinate  System.) 


MATRIX  REACT 


D.O.F. 

REACTION 

NODE  POINT 

3 

PRX 

- 

0.00000  -  0 

1 

4 

MRX 

s 

-136.282 

1 

5 

mry 

a 

136.282 

1 

9 

PRZ 

s 

99.8212 

2 

10 

MRX 

a 

252.536 

2 

11 

mry 

a 

0.0000296  *  0 

2 

15 

PRZ 

s 

56.3576 

3 

16 

mrx 

a 

-190.243 

3 

17 

Mry 

a 

190.243 

3 

21 

PRZ 

a 

99.8212 

4 

22 

mrx 

m 

-0.000033  -  0 

4 

23 

mry 

m 

-252.536 

4 

28 

mrn 

m 

-376.872 

5 

34 

mrn 

m 

-0.0000095  «  0 

6 

40 

mrn 

m 

-0.0000134  «  0 

7 

46 

mrn 

* 

376.872 

8 
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UNIFORM  NORMAL  PRESSURE  LOAO  OP  t  PSI-  ONE  OUAOR I LATERAL 
TNIN  SMELL  ELEMENT  USED  IN  THE  IOEALUATIOM 
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FIGURE  II 1-0.12  TITLE  AMO  MATERIAL  DATA  OUTPUT,  SIMPLY  SUPPORTED  PLATE  (QUADRILATERAL  THIM  SHELL  IDEALIZATION) 


The  final  item  of  information  contained  in  Figure  III-G. 
17  is  the  vector  of  reactions  (MATRIX  REACT).  This  vector 
is  a  48  x  1  since  there  are  eight  node  points  associated  with 
this  problem  and  six  associated  degrees  of  freedom  per  node 
point.  The  reactions  are  read  row-wise  and  are  interpreted 
as  follows:  (Note  that  the  reactions  are  referenced  to  the 
Global  Coordinate  System.) 
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3 

21 
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SIMPLY  SUPPORTED  ISOTROPIC  SQUARE  PLATE  SUBJECTEO  TO  A 
UNIFORM  NORMAL  PRESSURE  LOAO  OF  1  FSI-  ONE  OUAORILATERAL 
THIN  SHELL  ELEMENT  USEO  IN  THE  IOEALIIATION 

REVISIONS  OF  HATERIAL  TAPE 
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III-0.12  TITLE  AMD  MATERIAL  DATA  OUTPUT,  SIMPLY  SUPPORTED  PLATE  (QUADRILATERAL  TRIM  SHELL  IDEALIZATION) 
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FIGURE  III-G.14  TRANSFORMED  EXTERNAL  ASSEMBLED  LOAD  COLUMN  OUTPUT, 

SIMPLY  SUPPORTED  FLATE  (QUADRILATERAL  THIN  SHELL  IDEALIZATION) 
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(QUADRILATERAL  THIK  SHELL  IDEALIZATION) 
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H.  SQUARE  PLATE  -  PARABOLIC  MEMBRANE  LOADING  (Triangular 

Thin  Shell  Idealization) 

An  isotropic,  square  plate  under  the  action  of  a  para¬ 
bolic  membrane  loading  is  shown  in  Figure  III-H.l,  along 
with  its  dimensions  and  pertinent  material  properties.  The 
plate  is  idealized  utilizing  two  triangular  thin  shell  ele¬ 
ments  . 

The  preprinted  input  data  forms  associated  with  this 
example  are  shown  in  Figures  III-H.2  through  III-H.10. 

In  Figure  III-H.5  (Gridpolnt  Coordinate  Section)  it  can 
be  seen  that  only  the  grid  point  coordinates  for  the  three 
corner  points  of  each  element  are  entered.  The  coordinates 
associated  with  mid-point  nodes  are  calculated  internally  by 
the  MAGIC  System. 

In  Figure  III-H.6  (Boundary  Condition  Section)  it  is  in¬ 
structive  to  note  the  nature  of  the  boundary  conditions 
which  apply  to  each  grid  point  (See  Figure  III-H.l).  Remem¬ 
ber  that  in  a  pure  membrane  problem,  u  and  v  are  the  only  de¬ 
grees  of  freedom  which  are  of  interest. 

Let  us  examine  the  Listed  Input  (Exceptions  to  the  MODAL 
Card)  first. 

(1)  Grid  Point  Number  1  (Center  of  Plate)  has  all  de¬ 
grees  of  freedom  fixed.  This  is  true  because  this 
grid  point  is  at  the  center  of  the  plate  and  the 
plate  is  loaded  by  a  self-equilibrating  parabolic 
membrane  load. 

(2)  Grid  Point  Numbers  2  and  5  only  have  an  unknown 
displacement  in  the  u  direction.  This  is  true 
because  these  grid  points  lie  along  a  symmetric 
boundary  defined  by  the  X  axis. 

(3)  Grid  Point  Numbers  ^  and  8  only  have  an  unknown 
displacement  in  the  v  direction.  This  is  true 
because  these  grid  points  lie  along  a  symmetric 
boundary  defined  by  the  Y  axis. 

(4)  Grid  Point  Number  6  is  suppressed,  therefore,  all 
associated  degrees  of  freedom  are  fixed. 

The  MODAL  card  is  now  examined  for  the  remaining  grid 
joints.  Since  Grid  Point  Numbers  1,  2,  4,  5,  and  8  were 
:alled  out  under  Listed  Input,  the  MODAL  entry  pertains  to 
Irid  Point  Numbers  3,  7,  and  9. 
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f»s  666.67 
400.00 


t*  0.10  INCH 

E»30.*I06  PS| 
JU*  .30 


FIGURE  III,-  H.l  -  Idealized  Square  Plate,  Parabolic  Membrane  loading  (Triangular  Thin 
Shell  ^Idealisation ) 


Grid  Point  Numbers  3,  7 ,  and  9  have  unknown  dis¬ 
placements  both  in  the  u  and  v  directions. 

In  Figure  III-H.7  (External  Loads  Section)  Grid  Points 
2  and  3  have  applied  external  loading.  Note  that  there  are 
two  external  load  cards  per  grid  point. 

In  Figure  III-H.8  (Element  Control  Data  Section)  the 
following  information  is  of  importance. 

(1)  For  element  number  2,  mid-point  node  number  6  is 
suppressed.  This  element  is  therefore  numbered  2, 

3 >  4,  0,  7j  9*  These  entries  are  made  in  the 
first  six  locations  of  the  node  point  section  as 
shown  in  Figure  III-H.8. 

(2)  For  element  numbers  1  and  2,  the  numbers  *  1  *  and 
*2'  are  entered  in  locations  9  and  10  of  the  node 
point  portion  of  the  Element  Control  Section. 

These  two  points  define  the  X  direction  for  the 
material  properties  axes.  This  allows  the  User  to 
effectively  define  stress  output  direction.  The 
same  two  points,  used  for  Element  Number  1,  can 
also  be  used  for  Element  Number  2  as  shown  in  the 
figure. 

In  Figure  III-H.9  (Element  Input  Section)  only  one  item 
of  information  is  entered  in  Location  A  of  the  MODAL  section. 

Location  A  -  Membrane  Thickness  (t  )  =  0.10 

'  m' 

This  MODAL  entry  signifies  that  this  thickness  applies  to 
all  elements  used  in  this  analysis. 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 


FIGURE  III-R.2  TITLE  INFORMATION,  SQUARE  PLATE  (TRIANGULAR  THIN  SHELL  IDEALIZATION) 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 


FIGURE  III-H.3  MATERIAL  TAPE  INPUT,  SQUARE  PLATE  (TRIANGULAR  THIN  SHELL  IDEALIZATION) 


•AC  HU 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


SYSTEM  CONTROL  INFORMATION 


ENTER  APPROPRIATE  NUMBER,  RIG* 
ADJUSTED,  IN  BOX  OPPOSITE 
APPLICABLE  REQUESTS 


1.  Number  of  System  Grid  Points 


2.  Number  of  Input  Grid  Points 


3.  Number  of  Degrees  of  Freedom/Grid  Point 


4.  Number  of  Load  Conditions 


5.  Number  of  Initially  Displaced  Grid  Points 


6.  Number  of  Prescribed  Displaced  Grid  Points 


7.  Number  of  Grid  Point  Axes  Transformation 
Systems 


8.  Number  of  Elements 


9.  Number  of  Requests  and/or  Revisions  of 
Material  Tape. 


10.  Number  of  Input  Boundary 
Condition  Points 


11.  T  For  Structure  (With  Decimal  Point) 


S  |  Yj  S  |  T  I  E  I  M  1  </) 

12  3  4  5  6 

~i  rmg 

123450 


7  8  9  10  H  12 
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15  lb 
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29  30 
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3738 


39  40  41  42  43  44 

o  .  O  (/) 

4b  4b  4748  49  50  51  52 


FIGURE  III-H.4  SYSTEM  CONTROL  INFORMATION,  SQUARE  PLATE 
(TRIANGULAR  THIN  SHELL  IDEALIZATION) 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


1  2  3  4  5  6 
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GRIDPOINT  COORDINATE 
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FIGURE  III-H.5  GRIDPOINT  COORDINATES,  SQUARE  PLATE 
{TRIANGULAR  THIN  SHELL  IDEALIZATION) 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


INPUT  CODE  •  0  •  No  Displacement  Allowed 

1  •  Unknown  Displacement 

2  •  Known  Displacement 


BOUNDARY  CONDITIONS 


FIGURE  III-H.6  BOUNDARY  CONDITIONS,  SQUARE  PLATE 
(TRIANGULAR  THTN  swvtt  TnF.ALIZATION) 


2 


BAC  1627 


AD^S  </> 


liilmlraMagai 


Condition 


MAGIC  STRUC 


FORCE  VALUES 


Fx  F 


BB^^MBCEEBBBBnBEEEBBBBaBBEPBBBOEBnBBBnBEBEEEl 


Grid  Pt.  Tf 
Number  Jfl , 


nRHEiinBB0BHB0nnBECBnBnnBn0HnBnnnRnnn*nnnP0nnna 

— gBEiBEimiHggsmmwH  |l||i||U 
imigiiimiiiiiiiiiiiiiii 
mill . mil . . 

MMmiiiiiiiiiiiiiiiiiiiiiiiii 

. . . 


FIGURE  III-H.7  EXTERNAL  LOADS,  SQUARE  PLATE 

(TRIANGULAR  THIN  SHELL  IDEALIZATION) 
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LtU  10)  MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 

bbUlskl  INPUT  DATA  FORMAT 
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FIGURE  III-H.8  ELEMENT  CONTROL  DATA,  SQUARE 
(TRIANGULAR  THIN  SHELL  IDEALIZATION) 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


FIGURE  III-H.9  ELEMENT  INPUT,  SQUARE  PLATE  (TRIANGULAR  THIN  SHELL  IDEALIZATION) 
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FIGURE  III- H. 10  END  CARD,  SQUARE  PLATE 

(TRIANGULAR  THIN  SHELL  IDEALIZATION) 
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The  output  supplied  by  the  MAGIC  System  for  the  thin 
square  plate  subjected  to  parabolic  loading  and  idealized 
with  two  triangular  thin  shell  elements  is  as  follows: 

Figures  III-H.ll  thru  III-H.13  display  the  output  from 
the  Structural  Systems  Monitor.  These  figures  record  the 
input  data  pertinent  to  the  problem  being  solved. 

In  Figure  III-H.12,  the  finite  element  information  is 
shown.  Under  the  section  titled  External  Input,  the  first 
entry  printed  has  a  numerical  value  of  0.0999999.  This  value 
is  equal  to  the  membrane  thickness  of  the  plate  being  analyzed. 

Figure  III-H.13  displays  the  External  Load  Column  for 
this  problem.  The  5^x1  vector  shown  in  the  figure  is  the 
total  unreduced  transformed  external  load  column  which  is  read 
row-wise.  The  ordering  is  consistent  with  that  of  the  boundary 
condition  information  shown  in  Figure  III-H.12.  An  external 
load  of  667.67  is  applied  at  node  point  2  and  also  a  load  of 
^00.0  is  applied  at  node  point  3  both  in  the  positive  Global  X 
direction. 

System  level  matrix  output  of  final  results  is  handled 
by  the  FORMAT  standard  matrix  print  capability.  These 
results  are  shown  in  Figures  III-H.14  thru  III-H.16.  Figure 
III-H.14  shows  the  reduced  stiffness  matrix  for  this  problem. 
Only  non-zero  terms  in  the  stiffness  matrix  are  displayed. 

The  stiffness  matrix  is  presented  row-wise  and  its  ordering 
is  consistent  with  that  of  the  boundary  conditions  shown  in 
Figure  III-H.12.  For  this  case,  the  ordering  of  the  dis¬ 
placement  vector  is  as  follows: 

.T 

{9  }  =  Lu2*  u3*  v3>  v4*  u5>  u7>  v7*  v8>  u9*  v9J 


The  reduced  externally  applied  load  vector  (LOADR)  is  presented 
in  Figure  III-H.15.  The  size  of  this  vector  is  10  x  1.  This 
is  true  because  there  are  10  degrees  of  freedom  in  the  reduced 
stiffness  matrix.  There  are  2  non-zero  values  of  force  shown 
in  this  vector.  From  the  figure  it  is  seen  that  the  force 
values  presented  correspond  to  reduced  degrees  of  freedom 
(REDDOF)  1  and  2.  From  the  Boundary  Condition  Information 
(Figure  III-H.12)  it  is  seen  that  these  correspond  to  forces 
in  the  global  X  direction  at  node  points  2  and  3  having 
numerical  values  of  667.67  and  400.0  respectively.  The  vector 
of  displacements  (DISPR)  is  the  next  item  of  information 
presented  in  Figure  III-H.15.  This  vector  is  a  10  x  1  since 
there  are  10  degrees  of  freedom  remaining  after  assembly  and 
reduction.  The  ordering  of  the  displacement  vector  is  con¬ 
sistent  with,  that  of  the  boundary  conditions  shown  in  Figure 
III-H.12  which  are  as  follows: 
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T 

{q}  =  Lu2’  u3*  v3'  v4*  u5>  V  v7>  v8»  V  v9  J 


The  displacements  are  referenced  to  the  global  axis  of 
reference  unless  otherwise  indicated.  The  Matrix  DISPR  is 
interpreted  as  follows: 


MATRIX  DISPR 


REDDOF 

NODE  POINT 

D.O.F. 

DISP.  VALUE 

1 

2 

u 

0.000521835 

2 

3 

u 

O.OOOI89278 

3 

3 

V 

-0.0000131521 

4 

4 

V 

-0.000141067 

5 

5 

u 

0.000243609 

6 

7 

u 

0.000110739 

7 

7 

V 

-0.000121466 

8 

8 

V 

-0.0000862857 

9 

9 

u 

0.000187977 

10 

9 

V 

-0.0000796332 

_ 1 

The  final  item  of  information  shown  in  Figure  III-H.15 
is  the  stress  matrix  (MATRIX  STRESS).  The  stress  matrix  is 
of  the  order  64  x  1  for  the  following  reason.  Eight  stress 
resultants  are  evaluated  at  each  corner  point  of  the  triangle 
and  also  at  its  centroid,  giving  a  total  of  32  stress 
resultants  per  element.  Since  two  triangular  thin  shell 
elements  were  employed  in  this  analysis,  the  size  of  the  stress 
matrix  is  64  x  1. 

The  stress  resultants  for  the  triangular  thin  shell 
element  are  defined  as  follows. 


;  units 


force 

length 


z 


z 


;  units 


force 

length 


;  units 


force  x  length 
length 


;  units 


force  x  length 
length 


>  units 


force  x  length 
length 


5  units 


force  x  length 
length 


;  units 


force 

length 


;  units 


force 

length 
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The  stress  vector  is  in  general  referenced  to  the 
element  coordinate  system.  For  the  quadrilateral  or  trian¬ 
gular  thin  shell  elements  however,  the  User  has  the  option 
of  specifying  material  or  stress  axes  in  order  to  effectively 
define  stress  output  direction.  This  is  accomplished  by 
utilizing  locations  9  and  10  or  11  and  12  of  the  node  point 
portion  of  the  Element  Control  Section.  In  this  particular 
problem  the  numbers  ’ 1 '  and  ’2’  were  entered  in  locations  9 
and  10  of  the  node  point  portion  of  the  Element  Control 
Section.  These  two  points  define  the  x  direction  of  the 
material  properties  axes  (Positive  x  from  nodepoint  1  to  node¬ 
point  2).  This  axis  of  reference  then  becomes  the  reference 
axis  for  the  stress  output. 

There  is  one  exception  to  the  usual  rules  of  presenting 
the  stress  output  for  the  triangular  thin  shell  element. 

For  each  triangular  element,  the  centroidal  values 
of  the  stress  resultants  for  that  element  are  the 
first  to  be  printed.  In  the  general  case  the  node 
point  stresses  are  printed  and  then  the  centroidal 
stresses . 

The  ordering  of  the  stress  matrix  is  as  follows: 
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MATRIX  STRESS 


NRSEL  ELEMENT 


=  78.0125 

=  -53.2127 

-  -4.70957 
=  80.6407 

=  -14.0719 

=  -0.0000012  = 
=  110.817 

*  -0.02969 
«  -16.0477 
=  42.5797 
«  -1.86218 

*  1.91897 


=  55.3213 

=  5.32127 

*  -5.32127 

«  98.3029 

-  27.0248 

-  -12.1330 

*  24.9175 

*  5.00922 

*  -1.96864 

=  42.7434 

=  -16.0703 

-  -1.86219 


NODE  POINT 


Centroid 


Centroid 

Centroid 


Centroid 


Centroid 


Centroid 
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Figure  III-H.16  displays  the  vector  of  Matrix  Forces. 

These  forces  are  defined  with  respect  to  the  Global  Coordinate 
System.  The  Matrix  Force  Vector  is  a  72  x  1  vector  for  the 
following  reason.  The  triangular  thin  shell  element  is 
defined  by  six  node  points  (3  corner  points  and  3  mid- side  node 
points).  Since  there  are  six  forces  per  node  point  (F^,  Fy, 

Fg,  M^,  My,  M2)  a  total  of  36  forces  per  element  are 

defined.  Since  two  elements  were  utilized  in  this  particular 
problem,  the  size  of  the  force  vector  is  72  x  1.  The  ordering 
of  the  Matrix  Forces  is  as  follows:  (See  Figure  III-H.l  for 
the  element  numbering  sequence). 
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MATRIX  FORCES 


D.O.F. 

ELEMENT  NO. 

FORCE 

NODE  POINT 

1 

1 

Fx  =  -215.042 

1 

2 

1 

Fy  =  37.5251 

1 

7 

1 

Fx  =  295.512 

2 

8 

1 

Fy  =  -42.7938 

2 

13 

1 

Fy  =  5.11725 

4 

14 

1 

Fy  =  -4.96580 

4 

19 

1 

fx  =  -0.0000048  =  0 

5 

20 

1 

Fy  =  85.4431 

9 

25 

1 

Fx  =  657.175 

9 

26 

1 

Fy  =  -75.2086 

9 

31 

1 

Fx  =  742.763 

8 

32 

1 

Fy  =  -0.000018  =  0 

8 

37 

2 

Fx  =  371.158 

2 

38 

2 

Fy  =  -80.1744 

2 

43 

2 

Fx  =  400.000 

3 

44 

2 

Fy  =  -0.0000005  =  0 

3 

49 

2 

Fx  =  -II3.983 

4 

50 

2 

Fy  =  4.96583 

4 

6l 

O 

C 

Fx  =  -0.000008  =  0 

7 

62 

2 

Fy  =  -0.000015  =  0 

7 

67 

2 

Fx  =  -657.175 

9 

68 

2 

Fy  =  75.2086 

9 

Note  that  for  this  particular  problem  mid- side  node  #6 
was  suppressed. 
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The  final  item  of  information  contained  in  Figure 
III-H.16  is  the  vector  of  reactions  (MATRIX  REACT).  This 
vector  is  of  the  size  54  x  1  since  there  are  nine  node  points 
associated  with  this  particular  problem  and  six  associated 
degrees  of  freedom  per  node  point.  The  reactions  are  read 
row-wise  and  are  interpreted  as  follows:  (Note  that  the 
reactions  are  refer*  need  to  the  Global  Coordinate  System. ) 


MATRIX  REACT 


D.O.F. 

REACTION 

NODE  POINT 

1 

PRX 

= 

215.042 

1 

2 

PRY 

= 

37.5251 

1 

7 

PRX 

= 

-0.000099  =  0 

2 

8 

PRY 

= 

-122.968 

2 

13 

PRX 

= 

-0.000065  =  0 

3 

i4 

PRY 

= 

-0.0000005  =  0 

3 

19 

PRX 

= 

-108.865 

4 

20 

PRY 

= 

0.000024  =  0 

4 

25 

PRX 

= 

-0.000005  =  0 

5 

26 

p 

rRY 

= 

85.4431 

5 

37 

p 

rRX 

- 

-0.000008  =  0 

7 

38 

p 

rRY 

= 

-0.000015  =  0 

7 

43 

p 

rRX 

= 

-742.763 

8 

bb 

PRY 

= 

-0.0000018  =  0 

8 

by 

PRX 

= 

0.000084  =  0 

9 

50 

PRY 

= 

0.0000076  =  0 

9 
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FIGURE  III-H.lU  REDUCED  STIFFNESS  MATRIX  OUTPUT,  SQUARE  PLATE  (TRIANGULAR  THIN  SHELL  IDEALIZATION) 
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MATRIX  FORCES 
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III-H.16  FORCE  AND  REACTION  OUTPUT,  SQUARE  PLATE  (TRIANGULAR  THIN  SHELL  IDEALIZATION) 


I.  SQUARE  PLATE  -  NORMAL  PRESSURE  LOADING  - 
(Triangular  Thin  Shell  Idealization) 

A  simply  supported  isotropic  square  plate,  under  the 
action  of  normal  pressure  loading  is  shown  in  Figure  III-I.l 
along  with  its  dimensions  and  pertinent  material  properties. 
The  plate  is  idealized  utilizing  two  triangular  thin  shell 
elements . 

The  preprinted  input  data  forms  associated  with  this 
example  are  shown  in  Figures III-I. 2  through  III-I.ll. 

In  Figure  III-I. 5  (Gridpoint  Coordinate  Section)  it  is 
seen  that  only  the  grid  points  for  the  three  corner  points  of 
each  element  are  entered.  The  coordinates  associated  with 
mid-point  nodes  are  calculated  internally  by  the  MAGIC 
System. 

In  Figure  III-I. 6  (Grid  Point  Pressure  Section)  the 
MODAL  entry  is  used  for  the  input  pressure  values. 

This  entry  means  that  the  normal  pressures  are  acting  at 
every  grid  point  with  a  value  of  -1.0  psi.  The  sign  of  the 
pressure  is  minus  since  its  direction  is  in  the  negative  ele¬ 
ment  Z  direction. 

6 

In  Figure  III-I. 7  (Boundary  Condition  Section)  it  is  in¬ 
structive  to  note  the  nature  of  the  boundary  conditions  which 
apply  to  each  grid  point  (See  Figure  III-I.l).  Let  us  exam¬ 
ine  the  Listed  Input  (Exceptions  to  the  MODAL  card)  first. 

(1)  Grid  Point  Number  1  (Center  of  plate)  has  an  un¬ 
known  displacement  in  the  w  direction,  all  others 
are  zero  due  to  symmetry. 

(2)  Grid  Point  Number  2  has  an  unknown  rotation,  0  . 

The  others  a re  zero  due  to  the  fact  that  grid  y 
point  2  is  a  point  of  simple  support. 

(3)  Grid  Point  Number  3  has  all  degrees  of  freedom 

fixed.  This  is  true  because  the  simple  supports 
meet  at  this  point  restricting  rotation  in  the  0 
and  0  directions.  x 

(4)  Grid  Point  Numbers  5  and  8  are  repeated  and  also 

have  all  degrees  of  freedom  fixed.  These  are  mid¬ 
side  nodes  and  the  only  possible  degrees  of  free¬ 
dom  allowed  are  u,  v,  and  0  (0  normal).  Since  this 

is  a  pure  bending  problem  unand  v  are  equal  to  zero. 
Since  Grid  Points  5  and  8  lie  along  symmetric 
boundaries,  ©  equals  zero. 
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t*  0.10  INCH  P  *  1.0  PSI 

E>  30.  *  10*  PSI  JX ®  .30 


FIGURE  III  -  1.1  -  I&esiized  Simply  Supported  Plate  With  Normal  Pressure  Loading 

(Triangular.  Thin  Shell  Idealization  of  One  Quadrant) 


The  MODAL  card  is  now  examined  for  the  remaining  grid 
points.  Since  Grid  Point  Numbers  1,  2,  3,  5>  and  8  were 
called  out  under  Listed  Input.  th<  MODAL  entry  pertains  to 
Grid  Point  Numbers  4/6,  7,  and  9. 

(1)  Grid  Point  Number  4  has  an  unknown  rotation,  0  . 

The  others  are  zero  since  grid  point  4  is  a 
point  of  simple  support. 

(2)  Grid  points  6,  7,  and  9  are  mid-side  nodes  and  the 

only  possible  degrees  of  freedom  allowed  are  u,  v, 
and  0  (0  normal).  Since  this  is  a  pure  bending 

problem  u  and  v  are  equal  to  zero.  However,  there 
is  an  unknown  normal  slope  0  ,  associated  with 
these  grid  points.  The  coden(0,  1,  2)  associated 
with  these  normal  slope  values  is  always  entered  in 
the  ©  ocation  for  consistency. 

A 

In  Figure  III-I.8  (External  Loads  Section)  the  follow¬ 
ing  information  is  evident. 

(1)  One  load  condition  is  input 

(2)  The  External  Applied  Load  Scalar  equals  1.0 

(3)  The  MODAL  option  is  employed  and  External  Force  and 
Moment  values  of  0.0  are  entered  in  the  appropriate 
locations.  Since  the  Triangular  Thin  Shell  Element 
is  formulated  with  six  degrees  of  Freedom  per  point, 
two  external  load  cards  per  grid  point  are  required. 

The  Element  Applied  Load  Scalar  was  set  equal  to  1.0  be¬ 
cause  of  the  following: 

Total  Load  =  External  Loads  +  EALS  (Element  Applied 

Loads ) 

Since  the  External  Loads  are  equal  to  zero  and  the  EALS 

=  1.0 

Total  Load  =  Element  Applied  Load 

These  are  the  correct  loads  since  for  this  case  the  Ele¬ 
ment  Applied  Loads  are  equal  to  the  normal  pressure  loads. 

In  Figure  III-I.9  (Element  Control  Data  Section)  the 
following  information  is  of  importance. 
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(1)  The  numbers  '1'  and  '2'  are  entered  in  locations 
11  and  12  of  the  node  point  portion  of  the  Element 
Control  Section  for  Element  Number  1.  These  two 
points  define  the  direction  of  the  (X)  stress  axis 
for  Element  Number  1.  With  this  definition,  the 
stresses  in  the  other  directions  retain  their  prop¬ 
er  orientation  with  respect  to  this  axis. 

(2)  The  numbers  '4'  and  '3'  are  entered  in  locations  11 
and  12  of  the  node  point  portion  of  the  Element  Con¬ 
trol  Section  for  Element  Number  2.  These  two 
points  define  the  direction  of  the  (X)  stress  axis 
for  Element  Number  2. 

It  should  be  noted  that  the  stress  axis  determina¬ 
tion  is  element  related  and  therefore  if  locations 
11  and  12  are  used  for  stress  directions  then  each 
element  must  be  considered  separately.  Node  points 
related  to  each  particular  element  must  be  used 
when  determining  stress  directions  utilizing  loca¬ 
tions  11  and  12. 

In  Figure  III-I.10  (Element  Input  Section)  only  one  item 
of  information  is  entered  in  Location  B  of  the  MODAL  section. 

Location  B  -  Flexural  Thickness  -  (tf)  =0.10 

This  MODAL  entry  signifies  that  this  thickness  applies 
to  all  elements  used  in  this  analysis. 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


FIGURE  III-I.2  TITLE  INFORMATION,  SIMPLY  SUPPORTED  PLATE 
(TRIANGULAR  THIN  SHELL  IDEALIZATION) 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


FIGURE  III -I. 3  MATERIAL  TAPE  INPUT,  SIMPLY  SUPPORTED  PLATE 

(TRIANGULAR  THIN  SHELL  IDEALIZATION) 


•AC  141* 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


SYSTEM  CONTROL  INFORMATION 


ENTER  APPROPRIATE  NUMBER,  RIG: 
ADJUSTED,  IN  BOX  OPPOSITE 
APPLICABLE  REQUESTS 

1.  Number  of  System  Grid  Points 

2.  Number  of  Input  Grid  Points 

3.  Number  of  Degrees  of  Freedom/Grid  Point 

4.  Number  of  Load  Conditions 

5.  Number  of  Initially  Displaced  Grid  Points 

6.  Number  of  Prescribed  Displaced  Grid  Points 

7.  Number  of  Grid  Point  Axes  Transformation 
Systems 

8.  Number  of  Elements 

9.  Number  of  Requests  and/or  Revisions  of 
Material  Tape. 


10.  Number  of  Input  Boundary 
Condition  Points 

11.  Tq  For  Structure  (With  Decimal  Point) 


FIGURE  III-I.4  SYSTEM  CONTROL  INFORMATION,  SIMPLY  SUPPORTED  PLATE 
(TRIANGULAR  THIN  SHELL  IDEALIZATION) 

309 


BAC  1622 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 
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FIGURE  III-I.5  GRIDPOINT  COORDINATES.  SIMPLY  SUPPORTED  PLAI 
(TRIANGULAR  THIN  SHELL  IDEALIZATION) 
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FIGURE  III-I.6  GRIDPOINT  PRESSURES,  SIMPLY  SUPPORTED  PLATE 
(TRIANGULAR  TRIN  SHELL  IDEALIZATION) 
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0AC  1636-1 

MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 

BOUNDARY  CONDITIONS 


PRE-SET  MODE  TRANSLATIONS  ROTATIONS  GENERALIZED 


FIGURE  III -I. 7  BOUNDARY  CONDITIONS  SIMPLY  SUPPORTED  PLATE 
(TRIANGULAR  THIN  SHELL  IDEALIZATION) 
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FIGURE  III-I.8  EXTERNAL  LOADS,  SIMPLY  SUPPORTED  PLATE 
(TRIANGULAR  THIN  SHELL  IDEALIZATION) 
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FIGURE  III-I.9  ELEMENT  CONTROL  DATA,  SIMPLY  SUPPORTED  PLATE 
(TRIANGULAR  THIN  SHELL  IDEALIZATION) 


This  Document  Contains 
Missing  Page/s  That  Are 
Unavailable  In  The 
Original  Document 


0£L  O-QJL; 

felcun  io-  pp''7 

-Hoa_P  Hqlmc- 


BEST 

AVAILABLE  COPY 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


FIGURE  III-I.IO  ELEMENT  INPUT,  SIMPLY  SUPPORTED  PLATE 
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FIGURE  I1I-I.11  END  CARD,  SIMPLY  SUPPORTED  PLATE 

(TRIANGULAR  THIN  SHELL  IDEALIZATION) 
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The  output  supplied  by  the  MAGIC  System  for  the  simply 
supported  isotopic  square  plate  subjected  to  a  normal  pres¬ 
sure  load  and  idealized  using  two  triangular  thin  shell 
elements  is  as  follows: 

Figures  III. I. 12  through  111.1.14  display  the  output 
from  the  Structural  Systems  Monitor.  These  figures  record 
the  input  data  pertinent  to  the  problem  being  solved. 

The  Gridpoint  Data  Information  is  shown  in  Figure  III. I. 13. 
Note  that  pressures  of  -1.0  psi  are  applied  at  each  grid  point. 
The  finite  element  information  is  also  shown  in  Figure  III. I. 13. 
Under  the  Section  titled  External  Input,  the  second  entry  has 
a  numerical  value  of  0.09999999.  This  value  is  equal  to  the 
flexural  thickness  of  the  plate  being  analyzed. 

Figure  III.I.14  displays  the  Transformed  External  Assembled 
Load  >„.,lumn.  Note  that  these  loads  are  all  equal  to  zero  since 
input  pressures  are  element  applied  loads. 

System  level  output  of  final  results  is  handled  by  the 
FORMAT  standard  matrix  print  capability.  These  results  are 
shown  in  Figures  III. I. 15  through  III. I. 17. 

Figure  III. I. 15  shows  the  assembled  and  reduced  stiffness 
matrix.  The  stiffness  matrix  is  read  row-wise  and  only  non¬ 
zero  terms  are  displayed.  The  ordering  of  the  stiffness  matrix 
is  consistent  with  that  of  the  boundary  conditions  shown  in 
Figure  III. I, 13.  For  this  case  the  displacement  vector  is 


ordered  as 

follows : 

{i}T  -  1 

LW1>  ey2»  ex4>  en6>  en7»  en9 

Where 

6ni  *  normal 

slope  at  node  point  i 
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Figure  III.I.16  displays  the  vector  of  Reduced  Element 
applied  Loads.  (MATRIX  FTELAR).  The  size  of  this  vector  is 
a  6  x  1  since  there  are  six  degrees  of  freedom  remaining  in 
the  assembled  and  reduced  stiffness  matrix.  The  vector  appears 
as  follows  and  is  read  row-wise: 


MATRIX  ^TELAR 


REDDOF 

NODE  POINT 

ELEMENT  APPLIED 

LOAD  VALUE 

1 

1 

Fz  =  -46.9333 

2 

2 

My  =  -216.178 

3 

4 

Mx  =  216.178 

4 

6 

My  =  -45.5111 

5 

7 

Mx  =  -45.5111 

6 

9 

mn  =  0.0000119  =  0 

The  vector  of  displacements  (DISPR)  is  the  next  item  of 
information  presented  in  Figure  III. I. lb.  This  vector  is  also 
a  6  x  1  since  there  are  six  degrees  of  freedom  remaining  after 
assembly  and  reduction.  The  ordering  of  the  displacement 
vector  is  consistent  with  that  of  the  boundary  conditions 
shown  in  Figure  III.I.13. 

(q}T  =  Lwl'  0y2J  0x4>  0n6*  0n7*  0n9J 


The  displacements  are  referenced  to  the  global  axis  of 
reference  unless  otherwise  indicated.  The  MATRIX  DISPR  is 
interpreted  as  follows : 
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MATRIX  DISPR 


REDDOF 

NODE  POINT 

D.O.F. 

DISP.  VALUE 

1 

2 

3 

4 

5 

6 

1 

2 

4 

6 

7 

9 

w 

ey 

®x 

9 

n 

en 

en 

-1.35273 

-0.180968 

0.180968 

-0.105614 

-0.105614 

-0.100746 

The  final  item  of  information  presented  in  Figure  III. I. 
16  is  the  Stress  Matrix  (MATRIX  STRESS) .  The  stress  matrix 
is  a  64  x  1  for  the  following  reason.  Eight  stress  resultants 
are  evaluated  at  each  corner  point  of  the  triangle  and  also 
at  its  centroid,  giving  a  total  of  32  stress  resultants  per 
element.  Since  two  triangular  thin  shell  elements  were 
employed  in  this  analysis,  the  size  of  the  stress  matrix  is 
64  x  1. 

The  stress  resultants  for  the  triangular  thin  shell  were 
explicitly  defined  in  Section  III.H  (Square  Plate  -  Parabolic 
Membrane  Loading) .  Sketches  were  also  provided  to  facilitate 
proper  interpretation  of  the  stress  resultants. 

The  stress  vector  is  in  general  referenced  to  the  element 
coordinate  system.  For  the  quadrilateral  or  triangular  thin 
shell  elements  however,  the  User  has  the  option  of  specifying 
material  or  stress  axes  in  order  to  effectively  define  stress 
output  direction.  This  is  accomplished  by  utilizing  locations 
9  and  10  or  11  and  12  of  the  Node  Point  portion  of  the  Element 
Control  Section.  In  this  particular  problem  the  numbers  ’ 1 ' 
and  *2’  were  entered  in  locations  11  and  12  of  the  node  point 
portion  of  the  Element  Control  Section  for  Element  Number  1 
and  for  Element  Number  2  the  numbers  '4*  and  *3*  were  entered 
in  locations  11  and  12.  These  two  points  define  the  x  direc¬ 
tion  of  the  stress  axis  (Positive  x  from  node  point  1  to  node 
point  2  for  element  No.  1  and  positive  x  from  node  point  4  to 
node  point  3  for  element  No.  2).  These  axes  of  reference  then 
become  the  reference  stress  axes  for  elements  1  and  2 
respectively . 
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It  is  to  be  remembered  for  the  triangular  thin  shell 
element  that  for  each  elemert,  the  centroidal  value  of  the 
stress  resultants  for  that  element  are  the  first  to  be 
printed.  (In  the  general  case  the  node  point  stresses  are 
printed  and  then  the  centroidal  stresses.) 

The  ordering  of  the  stress  matrix  is  as  follows: 


MATRIX  STRESS 


NRSEL 

ELEMENTS 

STRESS  RESULTANT 

NODE  POINT 

4 

1 

Mx 

s 

-39.4002 

Centroid 

5 

1 

My 

s 

-36.0867 

Centroid 

6 

1 

M 

xy 

s 

-0.0000038  =  0 

Centroid 

7 

1 

Qx 

s 

-6.44949 

Centroid 

8 

1 

Qy 

35 

-0.0000025  »  0 

Centroid 

12 

1 

M 

X 

8 

-32.4414 

1 

13 

1 

My 

3 

-32.4414 

1 

14 

1 

Mxy 

3 

0.0000036  =  0 

1 

15 

1 

Sc 

= 

-6.44949 

1 

16 

1 

Qy 

3 

-0.0000025  =  0 

1 

20 

1 

M 

•‘x 

3 

-45.0097 

2 

21 

1 

My 

3 

-45.0097 

2 

22 

1 

Mxy 

8 

1.797^1 

2 

23 

1 

Qx 

* 

-6.44949 

2 

24 

1 

Qy 

S 

-0.00000  -  0 

2 

28 

1 

M 

X 

8 

-11.9934 

4 

29 

1 

M 

y 

3 

-31.8742 

4 

30 

1 

Mxy 

8 

-9.25269 

4 

31 

1 

Qx 

m 

-6.44949 

4 

32 

1 

S 

- 

-0.0000025  *  0 

4 
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MATRIX  STRESS  (CONTD) 


NRSEL 

ELEMENTS 

STRESS  RESULTANT 

NODE  POINT 

36 

2 

M 

X 

«  -24.99^5 

Centroid 

37 

2 

M 

y 

«  6.98283 

Centroid 

38 

2 

Mxy 

«  11.9915 

Centroid 

39 

2 

Qx 

«  0.817928 

Centroid 

40 

2 

Qy 

-  1.66367 

Centroid 

(Etc) 

2 

(See 

Figure  III-I.16) 

2 

Figure  III. I. 17  presents  the  vector  of  element  forces 
(MATRIX  FORCES).  These  forces  are  defined  with  respect  to 
the  Global  Coordinate  System.  The  Matrix  Force  Vector  is 
a  72  x  1  vector  for  the  following  reason.  The  triangular 
thin  shell  element  is  defined  by  six  node  points  (3  corner 
points  and  3  mid-side  node  points).  Since  there  are  six 
forces  per  node  point  (Fx,  Fy,  Fz,  Mx,  My,  Mz)  a  total  of  36 

forces  per  element  are  defined.  Note  that  the  mid-side 
nodes  have  allowable  degrees  of  freedom  equal  to  u,  v,  and 
normal  slope  (0n).  Therefore  in  a  flexure  problem,  the 
moment  at  any  mid-side  node  is  associated  with  the  normal 
slope.  The  ordering  of  the  Matrix  Forces  is  as  follows 
(see  Figure  III.I.l  for  the  element  numbering  sequence). 
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MATRIX  FORCES 


D.O.F. 

ELEMENT  NO. 

FORCE 

NODE  POINT 

3 

1 

PZ 

a 

0.000018  *  0 

1 

4 

1 

MX 

a 

-107.312 

1 

5 

1 

M 

Y 

a 

107.312 

1 

9 

1 

F 

Z 

a 

64.0000 

2 

10 

1 

M 

X 

a 

267.905 

2 

11 

1 

My 

SB 

110.276 

2 

15 

1 

pz 

S 

64.0000 

4 

16 

Mx 

a 

-110.276 

4 

17 

1 

my 

m 

-267.905 

4 

22 

1 

mn 

s 

-484.202 

5 

28 

1 

mn 

s 

-130.888 

9 

34 

1 

mn 

s 

484.202 

8 

39 

2 

pz 

m 

40.1146 

2 

40 

2 

MX 

* 

114.680 

2 

41 

2 

my 

u 

-110.275 

2 

45 

2 

Fz 

- 

47.7707 

3 

46 

2 

MX 

- 

-173.237 

3 

(Etc) 

(Etc) 

(Etc) 

(Etc) 
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The  final  item  of  information  contained  in  Figure 
III. I. 17  is  the  vector  of  reactions  (MATRIX  REACT).  This 
vector  is  a  54  x  1  since  there  are  nine  node  points 
associated  with  this  problem  and  six  associated  degrees 
of  freedom  per  node  point.  The  reactions  are  read  row¬ 
wise  and  are  interpreted  as  follows:  (Note  that  the 
reactions  are  referenced  to  the  Global  Coordinate  System.) 


MATRIX  REACT 


D.O.F. 

REACTION 

NODE  POINT 

3 

PRZ 

X 

0.000018  *  0 

1 

4 

mrx 

= 

-107.312 

1 

5 

mry 

s 

107.312 

1  ' 

9 

PRZ 

* 

104.115 

2 

10 

mrx 

s 

382.585 

2 

11 

mry 

s 

0.000075  *  0 

2 

15 

PRZ 

it 

47.7707 

3 

16 

mrx 

X 

-173.237 

3 

17 

mry 

s 

173.237 

3 

21 

PRZ 

x 

104.115 

4 

22 

mrx 

s 

-0.000031  ■  0 

4 

23 

mry 

X 

-382.585 

4 

28 

mrn 

X 

-484.202 

5 

3^ 

mrn 

X 

-0.0000024  «  0 

6 

40 

mrn 

X 

-0.00061  *  0 

7 

46 

mrn 

X 

484.202 

0 

52 

mrn 

X 

0.000019  «  0 

9 
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K10UB1  HI-I.17  FORCE  AND  REACTION  OUTPUT,  SIMPLY  SUPPORT'D)  PLATE  (TRIANGULAR  THIN  SHELL  IDEALIZATION) 


SECTION  IV 
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APPENDIX  III 


TABLE  OP  ERROR  MESSAGES 


AN  ERROR  HAS  OCCURRED  IN  THE  USER04  MODULE.  FORMAT  WILL 
ATTEMPT  TO  CONTINUE. 

Subroutine :  USER04 

Explanation:  Self  explanatory 

ASSEMBLE  TRANSFORMATION  MATRIX  SIZE  XXXXXX  EXCEEDS  LIMIT  XXXXXX 
OF  FORMAT  SYSTEM. 

Subroutine :  US04A 

Explanation:  Self  explanatory 

AVAILABLE  SCRATCH  DATA  SETS  XXXX  IS  LESS  THAN  THE  REQUIRED  4. 
Subroutine :  US04A 

Explanation:  The  USER04  module  requires  at  least 

four  scratch  data  sets.  The  addition 
of  more  data  sets  is  required  by  the 
program. 

DUE  TO  ABOVE  ERROR  CONDITION  CHECK  CARD  WILL  BE  INSERTED. 
EXECUTION  WILL  BE  SUPPRESSED. 

Subroutine :  PHASES 

Explanation:  Self  explanatory 

3UE  TO  ABOVE  ERROR  MESSAGE  THIS  SECTION  WILL  BE  OMITTED  AND 
CHECK  CARD  INSERTED. 

Subroutine :  FHASE1 

Explanation:  Self  explanatory 

IE  TO  PREVIOUSLY  ENCOUNTERED  ERROR  CONDITION  THIS  SECTION  IS 
BEING  SKIPPED.  PROGRAM  WILL  FLUSH  DATA  DECK  UNTIL  NEXT 
RECOGNIZABLE  INPUT  SECTION  IS  ENCOUNTERED. 

Subroutine :  FHASE1 

Explanation:  Self  explanatory 

TO  THE  OMISSION  OF  THIS  SECTION  THE  FOLLOWING  SECTIONS 
AY  BE  IGNORED  -  XXXXXX  XXXXXX  XXXXXX  .  .  . 

Sub  routine:  PHASE  2 

Explanation:  The  final  processing  of  certain  sections 
requires  data  from  other  sections  which 
by  omission  or  other  input  error  are  not 
present. 
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ELEMENT  CONTROL  ERROR  IN  SUBROUTINE  ELEM 

ELEMENT  NUMBER  XXXXX  CALLS  PLUG  NUMBER  XXX.  PLUG  NUMBER 
SHOULD  BE  GREATER  THAN  ZERO.  EXECUTION  TERMINATED. 
Subroutine :  ELEM 

Explanation:  All  element  type  code  numbers  are  greater 
than  zero.  Proper  element  type  cannot 
be  selected. 


ELEMENT  CONTROL  ERROR  IN  SUBROUTINE  ELEM 

ELEMENT  NUMBER  XXXXX  HAS  MATERIAL  NUMBER  XXXXXX. 
MATERIAL  IDENTIFICATION  MUST  BE  DIFFERENT  FROM  ZERO. 
EXECUTION  TERMINATED. 

Subroutine :  ELEM 

Explanation:  Self  explanatory 

ELEMENT  CONTROL  ERROR  IN  SUBROUTINE  ELEM 

ELEMENT  NUMBER  XXXXX  HAS  NUMBER  OF  INPUT  POINTS* =  XX. 
NUMBER  OF  INPUT  POINTS  MUST  BE  POSITIVE. 

EXECUTION  TERMINATED. 

Subroutine :  ELEM 

Explanation:  Self  explanatory 

ELEMENT  CONTROL  ERROR  IN  SUBROUTINE  ELEM 

ELEMENT  NUMBER  XXXXX  HAS  NUMBER  OF  GRID  POINTS  =  XXX. 
NUMBER  OF  GRID  POINTS  MUST  BE  GREATER  THAN  ZERO  AND 
NO  GREATER  THAN  EIGHT.  EXECUTION  TERMINATED. 
Subroutine :  ELEM 

Explanation :  Self  explanatory 


ELEMENT  INPUT  ERROR  NO.  X  PLUG  NO.  XX 
Subroutine :  ELFLUG 


ELEMENT  NO.  XXXX 


Explanation:  Error  number  1  - 
Error  number  2  - 
Error  number  3  - 
Error  number  4  - 


incorrect  plug  number 
(element  type  code) 
incorrect  number  of 
element  defining  points 
incorrect  value  for  extra 
element  input  indicator 
incorrect  matrix  orders 
for  element  (number  of 
degrees  of  freedom  per 
point  incorrect) 


ELEMENT  GENERATION  CORE  STORAGE  REQUIRED  XXXXXX  EXCEEDS  THAT 
AVAILABLE  XXXXXX  TO  DISPLACEMENT  METHOD  MATRIX  GENERATOR. 
Subroutine :  US04A 

Explanation:  Blank  common  work  area  is  not  large 
enough  for  generation  of  element 
matrices. 
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ELEMENT  SORT  ROUTINE  CORE  STORAGE  REQUIRED  XXXXXX  EXCEEDS 
THAT  AVAILABLE  XXXXXX  TO  DISPLACEMENT  METHOD  MATRIX 
GENERATOR. 

Subroutine :  US04B 

Explanation:  Blank  common  work  area  is  not  large 
enough  for  output  of  generated 
matrices. 


ERROR  MESSAGE  PROM  SUBROUTINE  MAT 

ATTEMPT  TO  DELETE  MATERIAL  NUMBER  XXXXXX  USING  LOCK  CODE  XX. 
INCORRECT  LOCK  CODE,  REQUEST  IGNORED. 

Subroutine :  FMAT 

Explanation:  Self  explanatory 


ERROR  MESSAGE  PROM  SUBROUTINE  MAT 

ATTEMPT  TO  DELETE  MATERIAL  THAT  WAS  NOT  ON  MATERIAL  TAPE. 
MATERIAL  NUMBER  XXXXXX.  MATERIAL  IDENTIFICATION  IS 
XXXXXXXXXXXXXXXXXXXXXXXXXXX.  INPUT  CODE  IS  XXX. 

REQUEST  IGNORED. 

Subroutine :  FMAT 

Explanation:  Self  explanatory 


ERROR  MESSAGE  FROM  SUBROUTINE  MAT 

ATTEMPT  TO  INPUT  PLASTIC  DATA  ONLY  FOR  MATERIAL  WHICH  WAS 
NOT  ON  TAPE.  MATERIAL  NUMBER  XXXXXX.  MATERIAL  IDENTIFICA¬ 
TION  IS  XXXXXXXXXXXXXXXXXXXXXXXX.  INPUT  CODE  IS  XXX. 
REQUEST  IGNORED. 

Subroutine :  FMAT 

Explanation:  Usage  of  an  input  code  of  "P"  requires 
that  the  material  to  be  revised  already 
exists  in  the  material  library. 


ERROR  MESSAGE  FROM  SUBROUTINE  MAT 

ATTEMPT  TO  REVISE  MATERIAL  NUMBER  XXXXXX  USING  LOCK  CODE  XX. 
INPUT  LOCK  CODE  DOES  NOT  MATCH  TAPE  LOCK  CODE  FOR  THIS 
MATERIAL.  REVISIONS  OR  DELETIONS  NOT  ALLOWED  WITHOUT 
PROPER  LOCK  CODE.  EXECUTION  TERMINATED. 

Subroutine :  FMAT 

Explanation:  Self  explanatory 


ERROR  MESSAGE  FROM  SUBROUTINE  MAT 
NUMBER  OF  REQUESTS  RECEIVED  IS  ZERO. 

Subroutine :  FMAT 

Explanation:  Number  of  requests  must  not  be  zero. 

Value  of  zero  Indicates  improper 
operation  of  program. 
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ERROR  MESSAGE  FROM  SUBROUTINE  MAT 

REQUEST  FOR  PRINT  OF  MATERIAL  THAT  WAS  NOT  ON  TAPE. 
MATERIAL  NUMBER  XXXXXX.  MATERIAL  IDENTIFICATION  IS 
XXXXXXXXXXXXXXXXXXXXXXXX.  INPUT  CODE  IS  XXX. 
REQUEST  IGNORED. 

Subroutine :  FMAT 

Explanation:  Self  explanatory 


ERROR  MESSAGE  FROM  SUBROUTINE  MAT 

UNRECOGNIZABLE  DATA  INPUT  CODE.  LEGAL  CODES  ARE  PI,  PO, 
I,  0,  P,  OUT,  ALL,  SEE,  SUM.  MATERIAL  NUMBER  XXXXXX. 
MATERIAL  IDENTIFICATION  IS  XXXXXXXXXXXXXXXXXXXXXXXX. 
INPUT  CODE  IS  XXX.  EXECUTION  TERMINATED. 

Subroutine :  FMAT 

Explanation:  Self  explanatory 


ERROR  MESSAGE  FROM  SUBROUTINE  MAT 

ADDITIONS  REQUESTED  EXCEED  CAPACITY  OF  MATERIAL  TAPE. 
MAXIMUM  NUMBER  OF  MATERIALS  CANNOT  EXCEED  XXX. 
Subroutine :  FMAT 

Explanation:  Self  explanatory 


FOR  I  =  XX  AND  N  =  XX  INTEGRAL  DOES  NOT  CONVERGE 

Subroutine :  PLUG5 

Explanation:  No  convergence  has  been  obtained  for 
the  given  integral  calculated  by  the 
Romberg  technique  in  the  Toroidal 
Ring  Element. 

GRID  POINT  LOADS  MATRIX  STORAGE  REQUIRED  XXXXXX  EXCEEDS 
THAT  AVAILABLE  XXXXXX  TO  DISPLACEMENT  METHOD  MATRIX 
GENERATOR. 

Subroutine:  US04A 

Explanation:  Blank  common  work  area  is  not  large 
enough  for  generation  of  grid  point 
loads  matrix. 

GRID  POINT  LOAD  MATRIX  SIZE  XXXXXX  EXCEEDS  LIMIT  XXXXXX 
OF  FORMAT  SYSTEM. 

Subroutine :  USO^A 

Explanation:  Self  explanatory 

ILLEGAL  MODAL  CARD  ENCOUNTERED.  CARD  WILL  BE  IGNORED. 

Subroutine :  PHASE  1 

Explanation:  A  modal  card  has  been  found  while 
reading  an  input  section  for  which 
no  modal  card  has  been  defined. 


33U 


INPUT  ERROR  IN  SUBROUTINE  ELEM,  AFTER  INTERPOLATION 
POISSON  VALUE  EQUALS  ±.XXXXXXXXE±XX  IN  MATERIAL 
NUMBER  XXXXXX,  XXXXXXXXXXXXXXXXXXXXXXXX.  VALUE  SHOULD 
BE  GREATER  THAN  -1.0  AND  LESS  THAN  1.0.  EXECUTION 
TERMINATED. 

Sub  r  out ine :  ELEM 

Explanation:  Self  explanatory 


INPUT  ERROR  IN  SUBROUTINE  ELEM,  AFTER  INTERPOLATION 
RIGIDITY  VALUE  EQUALS  ±.XXXXXXXXE±XX  IN  MATERIAL 
NUMBER  XXXXXX,  XXXXXXXXXXXXXXXXXXXXXXXX.  VALUE  SHOULD 
BE  GREATER  THAN  1.0.  EXECUTION  TERMINATED. 

Subroutine :  ELEM 

Explanation:  Self  explanatory 


INPUT  ERROR  IN  SUBROUTINE  ELEM,  AFTER  INTERPOLATION 
THERMAL  COEFFICIENT  VALUE  EQUALS  ±.XXXXXXXXE±XX  IN 
MATERIAL  NUMBER  XXXXXX,  XXXXXXXXXXXXXXXXXXXXXXXX. 
VALUE  SHOULD  BE  GREATER  THAN  -1.0  AND  LESS  THAN  1.0. 
EXECUTION  TERMINATED. 

Subroutine:  ELEM 

Explanation:  Self  explanatory 


INPUT  ERROR  IN  SUBROUTINE  ELEM,  AFTER  INTERPOLATION 
VALUE  OF  YOUNG’S  MODULUS  EQUALS  ±.XXXXXXXX±XX  IN 
MATERIAL  NUMBER  XXXXXX,  XXXXXXXXXXXXXXXXXXXXXXXX. 

VALUE  SHOULD  BE  GREATER  THAN  1.0.  EXECUTION  TERMINATED. 
Subroutine :  ELEM 

Explanation:  Self  explanatory 


INPUT  ERROR  IN  SUBROUTINE  ELEM 
ELEMENT  NODE  POINT  IS  NEGATIVE  OR  ZERO  IN  ELEMENT 
NUMBER  XXXXX. 

Subroutine :  ELEM 

Explanation:  No  element  defining  point  number  may 
be  negative  and  only  mid-points  may 
be  zero. 


INPUT  ERROR  IN  SUBROUTINE  ELEM 

ELEMENT  NUMBER  XXXXXX  IS  DEFINED  BY  NODE  POINTS  FOR 
WHICH  NO  COORDINATES  HAVE  BEEN  INPUT.  CALCULATION  OF 
MATERIAL  TEMPERATURE  IMPOSSIBLE.  EXECUTION  TERMINATED. 
Subroutine :  ELEM 

Explanation:  Self  explanatory 
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INRJT  ERROR  IN  SUBROUTINE  ELEM 

MASS  DENSITY  VALUE  EQUALS  ±.XXXXXXXXE±XX  IN  MATERIAL 
NUMBER  XXXXXX,  XXXXXXXXXXXXXXXXXXXXXXXX.  VALUE  SHOULD 
BE  GREATER  THAN  ZERO.  EXECUTION  TERMINATED. 

Subroutine :  ELEM 

Explanation:  Self  explanatory 


INPUT  ERROR  IN  SUBROUTINE  ELEM 
VALUE  OP  IP  =  XXX,  VALUE  OF  IPRE  =  XXX  FOR  ELEMENT 
NUMBER  ONE.  REQUEST  TO  REPEAT  DATA  FROM  ELEMENT 
PREVIOUS  TO  FIRST  ELEMENT  IS  ILLOGICAL.  EXECUTION 
TERMINATED. 

Subroutine :  ELEM 

Explanation:  IP  and  IPRE  cannot  be  negative 
for  first  element. 


INPUT  ERROR  IN  SUBROUTINE  MAT 

MASS  DENSITY  VALUE  EQUALS  ±.XXXXXXXX±XX  IN  MATERIAL 
NUMBER  XXXXXX,  XXXXXXXXXXXXXXXXXXXXXXXX.  VALUE  SHOULD 
BE  NON-NEGATIVE.  EXECUTION  TERMINATED. 

Subroutine :  FMAT 

Explanation:  Self  explanatory 


INPUT  ERROR  IN  SUBROUTINE  MAT 

MATERIAL  NUMBER  XXXXXX,  XXXXXXXXXXXXXXXXXXXXXXXX. 
NUMBER  OF  MATERIAL  TEMPERATURE  POINTS  IS  XXX.  NUMBER 
OF  PLASTIC  TEMPERATURE  POINTS  IS  XXX.  NUMBER  OF 
TEMPERATURE  POINTS  IN  EITHER  CASE  CANNOT  EXCEED  9. 
EXECUTION  TERMINATED. 

Subroutine :  FMAT 

Explanation:  Self  explanatory 


INPUT  ERROR  IN  SUBROUTINE  MAT 

POISSON  VALUE  EQUALS  ±.XXXXXXXX±XX  IN  MATERIAL  NUMBER 
XXXXXX,  XXXXXXXXXXXXXXXXXXXXXXXX.  VALUE  SHOULD  BE 
GREATER  THAN  -1.0  AND  LESS  THAN  1.0.  EXECUTION 
TERMINATED. 

Subroutine :  FMAT 

Explanation:  Self  explanatory 


INPUT  ERROR  IN  SUBROUTINE  MAT 

RIGIDITY  VALUE  EQUALS  ±.XXXXXXXXE±XX  IN  MATERIAL  NUMBER 
XXXXXX,  XXXXXXXXXXXXXXXXXXXXXXXX.  VALUE  SHOULD  BE 
GREATER  THAN  1.0.  EXECUTION  TERMINATED. 

Subroutine :  FMAT 
Explanation:  Self  explanatory 


336 


INPUT  ERROR  IN  SUBROUTINE  MAT 

THERMAL  COEFFICIENT  VALUE  EQUALS  ±.XXXXXXXXE±XX  IN 
MATERIAL  NUMBER  XXXXXX,  XXXXXXXXXXXXXXXXXXXXXXXX. 
VALUE  SHOULD  BE  GREATER  THAN  -1.0  AND  LESS  THAN  1.0. 
EXECUTION  TERMINATED. 

Subroutine :  FMAT 

Explanation:  Self  explanatory 


INPUT  ERROR  IN  SUBROUTINE  MAT 
VALUE  OF  YOUNG'S  MODULUS  EQUALS  ±.XXXXXXXXE±XX  IN 
MATERIAL  NUMBER  XXXXXX,  XXXXXXXXXXXXXXXXXXXXXXXX. 
VALUE  SHOULD  BE  GREATER  THAN  1.0. 

Subroutine :  FMAT 

Explanation:  Self  explanatory 


INPUT  ERROR  NUMBER  OF  REFERENCE  POINTS  INRJT  EXCEEDS  XXXX. 
Subroutine :  INPUT 

Explanation:  Program  cannot  accommodate  more  than 
the  given  number  of  input  points. 


INPUT  ERROR  NUMBER  OF  DIRECTIONS  OF  GRID  POINTS  NOT 
EQUAL  TO  NUMBER  OF  DIRECTIONS  OF  TRANSFORMATION  MATRIX. 
EXECUTION  TERMINATED. 

Subroutine :  INPUT 

Explanation:  Order  of  grid  point  axes  transformation 
matrices  must  be  equal  to  three. 


INRJT  ROUTINE  CORE  STORAGE  REQUIRED  XXXXXX  EXCEEDS  THAT 
AVAILABLE  XXXXXX  TO  DISPLACEMENT  METHOD  MATRIX  GENERATOR. 
Subroutine :  US04A 

Explanation:  Blank  common  work  area  is  not  large 
enough  for  processing  input. 


INTERNAL  TAPE  ERROR  HAS  OCCURRED.  PROCESSING  ABANDONED. 
Subroutine :  PHASE2 

Explanation:  Report  form  input  preprocessor  cannot 
retrieve  information  stored  on  a 
scratch  data  set. 


LABEL  CARD  ERROR  XXXXXX 

Subroutine :  INPUT 

Explanation:  Input  card  read  should  have  been  label 
card.  Execution  will  be  terminated. 
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LOAD  CONDITION  XXX  SUB- LABEL  IS  INCORRECT.  PROGRAM 
CANNOT  DISTINGUISH  BETWEEN  LOAD  CONDITIONS. 

Subroutine:  PHASE  1 

Explanation:  Load  condition  sub-label  in  report 
form  input  is  in  error. 


MAXIMUM  NUMBER  OF  ITERATIONS  REACHED  IN  ROMBERG 
INTEGRATION  ROUTINE. 

Subroutine:  PLUG5 

Explanation:  Convergence  was  not  obtained  in  15 
iterations  for  an  integral  in  the 
toroidal  thin  shell  element. 
Processing  will  continue,  using 
15  iteration  result. 


MAXIMUM  NUMBER  OF  LOAD  CONDITIONS  ALLOWED  IS  100.  THIS 
PROBLEM  CONTAINS  XXXX. 

Subroutine :  PHASE  1 

Explanation:  Self  explanatory 


MORE-  THAN  ONE  OPTION  HAS  BEEN  SELECTED  FOR  REQUEST  NUMBER  XXX 
OF  MATERIAL  LIBRARY.  ONLY  THE  FIRST  SELECTION  WILL 
BE  RETAINED. 

Subroutine :  PHASE  1 

Explanation:  Self  explanatory 


NEW  MATERIAL  TAPE  NOT  GENERATED.  ALL  REVISIONS  AND/OR 
DELETIONS  REQUESTED  BY  THIS  CASE  HAVE  BEEN  IGNORED. 

Subroutine :  FMAT 

Explanation:  Due  to  a  previous  error,  generation 
of  a  new  material  library  has  been 
abandoned.  Execution  will  be  terminated. 


NO  END  OR  CHECK  CARD  HAS  BEEN  FOUND.  CHECK  CARD  WILL  BE 
INSERTED,  SUPPRESSING  EXECUTION. 

Subroutine :  PHASE  2 

Explanation:  Self  explanatory 


NO  OPTION  HAS  BEEN  SELECTED  FOR  REQUEST  NUMBER  XXX  OF 
MATERIAL  LIBRARY. 

Subroutine :  PHASE  1 

Explanation:  Self  explanatory 
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NUMBER  OP  ELEMENTS  READ  XXXXX  IS  GREATER  THAN  9999. 

NUMBER  OF  ELEMENTS  WILL  BE  SET  AT  9999. 

Subroutine :  PHASE  2 

Explanation:  Self  explanatory,  execution  will  be 
suppressed. 


NUMBER  OF  ENTRIES  READ  FOR  THIS  SECTION,  XXXXX,  DOES  NOT 
AGREE  WITH  NUMBER  THAT  WAS  TO  BE  READ,  XXXXX.  ACTUAL 
NUMBER  READ  WILL  BE  USED. 

Subroutine :  PHASE  2 

Explanation:  Self  explanatory 


PLUG7  ERROR  -  THIRD  POINT  TO  DEFINE  PLANE  WAS  NOT  GIVEN  - 
INPUT  ERROR. 

Subroutine :  P7PRT 

Explanation:  Three  element  defining  points  arc 

required  for  the  frame  element,  the 
third  supplying  definition  of  the 
plane . 


REDUCTION  OF  TRANSFORMATION  MATRICES  STORAGE  XXXXXX 
EXCEEDS  THAT  AVAILABLE  TO  DISPLACEMENT  METHOD 
MATRIX  GENERATOR. 

Subroutine :  US04A 

Explanation:  Blank  common  work  area  is  not  large 
enough  for  generation  of  reduction 
transformation  matrix. 


REDUCTION  TRANSFORMATION  MATRIX  SIZE  XXXXXX  EXCEEDS  LIMIT 
XXXXXX  OF  FORMAT  SYSTEM. 

Subroutine :  US04A 

Explanation:  Self  explanatory 


REPEAT  FOR  FIRST  POINT  IGNORED. 

Subroutine :  FORMIN 

Explanation:  Repeat  option  on  table  forms  of  report 
form  input  cannot  be  used  for  first 
value  entered. 
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REPORT  ROUTINE  CORE  STORAGE  REQUIRED  XXXXXX  EXCEEDS  THAT 
AVAILABLE  XXXXXX  TO  DISPLACEMENT  METHOD  MATRIX  GENERATOR. 
Subroutine ;  US04A 

Explanation:  Blank  common  work  area  is  not  large  enough 
for  processing  report  form  input  data. 


STIFFNESS  MATRIX  SIZE  XXXXXX  EXCEEDS  LIMIT  OF  FORMAT  SYSTEM. 
Subroutine :  US04A 

Explanation:  Self  explanatory 


STRESS  MATRIX  SIZE  XXXXXX  EXCEEDS  LIMIT  XXXXXX  OF  FORMAT 
SYSTEM. 

Subroutine :  US04A 

Explanation:  Self  explanatory 


SUBROUTINE  MINV  HAS  DETERMINED  ARRAY  GAMABQ  TO  BE  SINGULAR, 
EXECUTION  TERMINATED  BY  SUBROUTINE  TRAIC . 

Subroutine :  TRAIC 

Explanation:  Transformation  matrix  to  system 

coordinates  in  triangular  cross-section 
ring  element  cannot  be  inverted, 
usually  because  three  element  defining 
points  do  not  define  a  triangle. 


SYSTEM  INFORMATION  CARD  MISSING.  CANNOT  ALLOCATE  STORAGE. 
Subroutine :  CONTRL 

Explanation:  All  input  data  decks  must  have  SYSTEM 
section  to  allocate  storage  for 
processing  of  input. 


THE  INTEGRAL  OF  (LN(A+B*X)/X)  DX  IS  NOT  ALLOWED  FOR  A+B*X=0 
A  «  ± . XXXXXXXE ±XX  B  -  ±.XXXXXXXE±XX  X  =  ±  .  XXXXXXXE+XX 

Subroutine:  F6211 

Explanation:  Natural  log  of  zero  is  undefined. 


TOERE  IS  A  MISTAKE  IN  THE  COORDINATES  FOR  THIS  TRANSFORMATION, 
WE  WILL  CALCULATE  THE  REMAINING  IN  SPITE  OF  THIS. 

Subroutine :  FRED 

Explanation:  An  error  has  occurred  in  generating  a 
grid  point  sixes  transformation  matrix. 
Execution  will  continue. 
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THIS  SECTION  HAS  EITHER  BEEN  OMITTED  OR  FLUSHED  BY  PHASE  ONE 
ERROR.  IN  EITHER  CASE  THIS  SECTION  IS  CONSIDERED  CRITICAL 
AND  EXECUTION  WILL  NOT  BE  ALLOWED. 

Subroutine :  PHASE  2 

Explanation:  Self  explanatory 


THIS  SECTION  IS  TO  BE  MERGED  WITH  XXXXXX  AND  XXXXXX  FOR 
WHICH  MODAL  CARDS  HAVE  BEEN  ENCOUNTERED  FOR  BOTH.  TWO  VALUES 
CANNOT  BE  ASSIGNED  TO  THE  SAME  POINT.  BOTH  MODAL  CARDS 
WILL  BE  IGNORED. 

Subroutine:  IHASE2 

Explanation:  Self  explanatory 


THIS  SECTION  IS  TO  BE  MERGED  WITH  XXXXXX  AND  XXXXXX  FOR 
WHICH  VALUES  HAVE  BEEN  ASSIGNED  BY  BOTH  FOR  POINT  NUMBER 
XXXXX.  TWO  VALUES  CANNOT  BE  ASSIGNED  TO  THE  SAME  POINT. 
NEITHER  VALUE  WILL  BE  USED. 

Subroutine :  PHASE  2 

Explanation:  Self  explanatory 


TOROIDAL  RING  ELEMENT  WITH  CO-ORDINATES  R1 =  ±  .XXXXXXXXEiXX 
R2  =  i  .XXXXXXXXEiXX  Z1 =  ±  .  XXXXXXXXEiXX 

Z2=  i  .XXXXXXXXiXX  IS  NOT  DIAGONALLY  DOMINANT  AND  SHOULD 
BE  SUBDIVIDED. 

Subroutine :  PRINT  5 

Explanation:  Element  stiffness  matrices  must  be 
diagonally  dominant. 


UNEXPECTED  BLANK  LABEL  CARD  ENCOUNTERED. 

Subroutine :  PHASE  1 

Explanation:  Card  read  should  have  \contained  an 

input  section  label.  Input  processor 
will  attempt  to  continue. 


UNEXPECTED  LABEL  CARD  READ  -  POINT  XXXXX 
Subroutine :  FORMIN 

Explanation:  Input  section  label  card 

encountered  while  reading  table 
form  input.  Point  reflects  entry 
now  being  processed. 


UNRECOGNIZABLE  INPUT  SECTION. 

Subroutine :  PHASE  1 

Explanation:  Input  section  label  has  been  read 
which  is  undefined  in  input 
processor. 


VALUE  OF  SIN  (ALPHA)  IS  ZERO  -  RUN  TERMINATED. 

Subroutine :  PLUG  1 

Explanation:  Element  defining  points  are  in 

error  for  Quadrilateral  Thin  Shell 
Element . 
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An  automated  general  purpose  system  for  analysis  is  presented. 
This  System,  identified  by  the  acronym  "MAGIC"  for  "Matrix  Analysis 
via  Generative  and  Interpretive  Computations,"  provides  a  flexible 
framework  for  implementation  of  the  finite  element  analysis  tech¬ 
nology.  Powerful  capabilities  for  displacement,  stress  and  stab¬ 
ility  analyses  are  included  in  the  subject  MAGIC  System  for  struc¬ 
tural  analysis. 

The  matrix  displacement  method  of  analysis  based  upon  finite 
element  idealisation  is  employed  throughout.  Six  versatile  finite 
elements  are  incorporated  in  the  finite  element  library.  These  are: 
frame,  shear  panel,  triangular  cross-section  ring,  toroidal  thin 
shell  ring,  quadrilateral  thin  shell  and  triangular  thin  shell 
elements.  These  finite  element  representations  include  matrices  for 
stiffness,  incremental  stiffness,  prestrain  load,  thermal  load,  dis¬ 
tributed  mechanical  load  and  stress. 

Documentation  of  the  MAGIC  System  is  presented  in  three  parts; 
namely.  Volume  It  Engineer's  Manual,  Volume  lit  User's  Manual  and 
Volume  III:  Programmer's  Manual.  The  subject  Volume,  Volume  III, 
is  designed  to  facilitate  implementation,  operation,  modification, 
and  extension  of  the  MAGIC  System. 
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